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BEST AVAILABLE SCIENCE AND EXISTING
CONDITIONS REPORT

FOR ISLAND COUNTY’'S FISH AND WILDLIFE HABITAT
CONSERVATION AREAS

1 INTRODUCTION

The Washington State Growth Management Act (GMA) mandates that cities and
counties adopt policies and regulations to protect the functions and values of
“Fish and Wildlife Habitat Conservation Areas” (FWHCAS) based on best
available science (BAS) per WAC 365-195.

Fish and Wildlife Habitat Conservation Areas are defined in WAC 365-190-
030(6a), as:

*“areas that serve a critical role in sustaining needed habitats and species for the
functional integrity of the ecosystem, and which, if altered, may reduce the
likelihood that the species will persist over the long term. These areas may
include, but are not limited to, rare or vulnerable ecological systems,
communities, and habitat or habitat elements including seasonal ranges,
breeding habitat, winter range, and movement corridors; and areas with high
relative population density or species richness.”

Per WAC 365-190-130(2), the following areas must be considered for
classification and designation as FWHCASs:

e Areas important to endangered, threatened, and sensitive species;
e Habitats and species of local importance, as determined locally;

e Commercial and recreational shellfish areas;

o Kelp and eelgrass beds;

o Forage fish spawning areas;

e Naturally occurring ponds under twenty acres;

e \Waters of the State as defined in RCW 90.48.020;

e Lakes, ponds, streams, and rivers planted with game fish by a
governmental or tribal entity; and
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State natural area preserves, natural resource conservation areas, and
State wildlife areas.

In addition to those areas identified in the above list, counties and cities must
also give special consideration to conservation or protection measures necessary
to preserve or enhance anadromous fisheries (WAC 365-190-080).

In addition to regulating the minimum FWHCASs required by the WAC, the
existing Island County FWHCA regulations also address:

e Species and Habitats of Local Importance as designated by reference at
Island County Code (ICC) 17.02.050.C.1.h;

e Flora species included in Island County’s Protected Species List
(referenced at Island County Code (ICC) 17.02.050.C.1.));

e All areas designated by the DNR through the Washington Natural
Heritage Program as high quality wetland ecosystems and high quality
terrestrial ecosystems and shown on the Map prepared by Island County
dated October 11, 1999.

Under the County’s existing FWHCA'’s, the following criteria must be met for a
species to qualify as a Species of Local Importance:

1. Local populations which are in danger of extirpation based on
existing trends (since January 1, 1985),

2. The species is sensitive to habitat manipulation, and

3. The species or habitat has commercial, game, or other special value,
such as locally rare species.

Areas may be designated as Habitats of Local Importance if they meet the
following criteria:

1. Documented use or high probability of use of the habitat by a species
whose long term persistence is dependent upon conservation of the
habitat or the habitat is proposed to be restored with the consent of
the affected property owner so that it will be suitable for use by the
species; and

2. Either high quality native habitat or habitat that has an excellent
potential to recover to a high quality condition and which is either of
limited availability or highly vulnerable to alteration.
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3. Specific habitat features to be protected (for example, nest sites,
breeding areas, nurseries, etc.).

1.1 GMA Regulatory Update Process
The GMA requires updates of both Comprehensive Plans and development
regulations on a periodic cycle, based on an evaluation of changing conditions
over time. The Comprehensive Plan establishes the vision and goals of the
community. Required elements of the Comprehensive Plan include land use,
housing, capital facilities, utilities, rural, transportation, economic development,
and parks and recreation (RCW 36.70A.070). Policies related to Fish and Wildlife
Habitat Conservation Areas occur in the Land Use Element, as well as the
Natural Lands Element of Island County’s Comprehensive Plan. Island County
is scheduled to update the Natural Lands Element of its Comprehensive Plan by
June of 2016. The current Natural Lands Element of the County’s
Comprehensive Plan was adopted in 1998. The Natural Lands Element includes
policies related to the protection and conservation of “agriculture and forest
areas, open space corridors, property rights, wetland and groundwater
protection, retention of rural character, and wildlife habitat protection” (Island
County, 1998). The policies adopted in both the Land Use and the Natural Lands
Element provide the basis for development regulations, including critical areas
regulations such as the FWHCA ordinance.

In 2012 Island County was the subject of an appeal on the basis of failure to
timely update their development regulations by December 21, 2005, including
the Fish and Wildlife Habitat Conservation Areas Ordinance as required by
RCW 36.70A.130(1)(a), (c), and 4(b) (GMHB Case No. 12-2-0016). The appellant
was successful in demonstrating that Island County had failed to update its
FWHCA in a timely manner as required by the GMA. The GMHB issued a
compliance order to Island County, requiring that it meet its obligations for
FWHCA updates in compliance with GMA by December 2013. That date has
been extended by mutual agreement of the parties to July 24 of 2014.

1.2 Purpose and Overview of This Report
The purpose of this report is to provide an update and analysis of existing
conditions of habitats and species as they occur in Island County as the basis for
considering regulatory updates to Island County’s FWHCA ordinance. This
document includes the Best Available Science for Island County. This report also
establishes the basis for the technical literature as it relates to habitats and
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species, and specifically discusses the conditions of habitats and species as they
occur in Island County. In addition this document discusses impacts to habitats
and species, as well as protection needs of habitats and species.
Recommendations for protection are also included.

In addition, this report is intended to serve as a landscape-based framework for
understanding and conserving critical habitat and habitat-forming processes, as
well as providing an information base for local-scale management considerations
within Island County. Throughout this report, we identify the different scales of
influence affecting habitats and species. Resource managers have suggested that
a landscape-scale understanding is important to effectively manage land use to
protect the functions and processes and habitat connectivity that are critical to
the conservation of fish and wildlife species and their habitats (Dale et al. 2000,
Cereghino 2010, Stanley et al. 2012). Therefore, Section 2 of this report begins
with an analysis of landscape scale considerations that informed this project.
Section 3 is focused on Island County and the habitats and species that occur
within the county. Section 4 discusses Landscape Processes and the Effects of
Development, while Sections 5 6, and 7 discuss freshwater, marine, and
terrestrial habitats. Section 8 identifies data gaps, while Section 9 concludes with
Management Implications.

1.3 Relationship to Shoreline Master Programs (RCW/WAC)
In 2010, House Bill 1653 clarified the integration of the Growth Management Act
and the Shoreline Management Act. The Bill states that once the Washington
State Department of Ecology (Ecology) approves an updated Shoreline Master
Program (SMP) for a County or City, critical areas that fall within that County or
City’s shoreline jurisdiction will be managed through the updated SMP. The
updated Island County SMP has been locally adopted, and it is presently under
review by Ecology. Because approval of the SMP is expected to occur prior to
the adoption of any new FWHCA management policies or regulations, the
updated FWHCA regulations will not apply to land uses and modifications
within shoreline jurisdiction, which is defined in the proposed SMP as: “all
shorelines and shorelines of statewide significance, plus lands extending
landward for 200 feet in all directions, as measured on a horizontal plane from
the Ordinary High Water Mark of shorelines; associated floodways and
contiguous floodplain areas landward two hundred feet from such floodways;
and all wetlands and river deltas associated with the streams, lakes, and tidal
waters subject to the SMA.” Shoreline areas and activities regulated within
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shoreline jurisdiction, as covered by the proposed SMP updates, will not also be
covered in this document, except where existing designated Habitats of Local
Importance occur within shoreline jurisdiction. Those areas will be described in
further detail in this report. However, the FWHCA regulations will apply to
land uses outside of shoreline jurisdiction that may affect FWHCASs within
shoreline jurisdiction. For that reason, this report focuses on summarizing the
data relevant to management of land uses that fall outside of proposed shoreline
jurisdiction, including the potential indirect effect of those land uses on marine
and estuarine habitats.

Another area of potential regulatory overlap occurs with wetlands, which are
regulated by ICC 17.02A. Island County’s wetland regulations provide an
approach to classifying wetlands and applying buffers, based on Best Available
Science for wetlands (Adamus 2007). The County is planning to begin updating
its Comprehensive Plan, including sections addressing wetland critical areas,
beginning in 2014. Therefore, wetlands and wetland-obligate species will not be
covered in depth in this document.

2 WATERSHED CHARACTERIZATION MODEL

As part of its regulatory update, and in compliance with the Growth
Management Act requirement to use the Best Available Science, Island County
chose to consider landscape-scale ecological processes as the first step in
understanding existing conditions with respect to Fish and Wildlife Habitat
Conservation Areas (WAC 365-190-130). Island County’s intent was to consider
these ecological processes as expressed in a set of assessments known as the
Puget Sound Watershed Characterization jointly developed by Ecology, and
WDFW, with support from the USEPA.

The Puget Sound Watershed Characterization is a coarse-scale decision support
tool that can be used to inform watershed-based planning at the regional and
local government level. The model, spatially organized around watersheds that
are tributary to the Puget Sound, is comprised of several assessments, grouped
by water flow, water quality, (collectively known as the water resources, and
discussed in Volume 1 [Stanley et al. 2012]), and terrestrial, freshwater and
marine habitats (collectively known as the habitat assessments, and discussed in
Volume 2 [Wilhere et al. 2013). Each assessment of the watershed
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characterization aggregates relevant data sets available in GIS format, and
compares the relative value of various portions of the landscape for their
importance to the ecological process under consideration for providing water
flow, water quality, and habitat function. The characterization further identifies
areas on the landscape that are most suitable for restoration, conservation,
protection, or those areas which may be best suited for additional development
because they lack intact water or habitat resources.!

The intent of watershed characterization is to analyze ecological conditions from
a landscape scale perspective. By understanding the relative condition of
ecological processes on a landscape, local governments can ensure the restoration
and protection actions are targeted where they will have the most value.

In the context of Fish and Wildlife Habitat Conservation Areas ordinance, the
results of Watershed Characterization’s assessment was thought to provide
insight into the ecological processes that affect habitats and species of local
importance; ecological process leads to structure, which provides habitat
function. In a river, for example, the processes of water and sediment movement
produce sediment bars and channel features (structure), which in turn provide
off-channel rearing habitat for salmonids (function). To maintain or restore the
structure and function of the Puget Sound ecosystem, important watershed
processes that are still intact need to be identified and protected, and those that
have been severely degraded need to be restored.

By understanding the relative importance and condition of ecological processes,
based on consideration of Puget Sound Watershed Characterization results, Island
County would be in the position to look beyond individual species, to ensure that
the underlying ecological process that sustained the habitat and species would be
identified and considered for protection as part of the regulatory update process.
The intent of the model is to engage in a holistic analysis of the ecosystem to
ensure that habitats and species are sustainable in the long-term, thus complying
with the Growth Management Act’s rule related to regulatory updates (WAC 365-
190-130), as well a Growth Management Hearing’s Board (GMHB) compliance

1 The model ties these terms (‘restoration’, ‘protection’, ‘conservation’, ‘development’), to model output
results. See Volume 1 discussion of Watershed Management Matrix for more information on model output
and how to interpret model results.

6
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order which requires the County to adopt an updated Fish and Wildlife Habitat
Conservation Areas Ordinance by July 2014.

Watershed Characterization Volume 1 - Water Flow
Island County convened a technical advisory group (TAG), composed of local
experts regarding habitat conditions on Island County, as an advisory group to
its regulatory update process. Two meetings were held with the TAG to explain
how Watershed Characterization works, and how to interpret model results.
Forty-eight maps were prepared for analysis, showing importance and
degradation for all subcomponents of Water Flow, (Volume 1, Watershed
Characterization) as well as the Habitat Assessment Models (Volume 2).

The Watershed Characterization Water Flow model breaks the landscape into
three landscape groups, Mountainous, Lowland, and Coastal Units. The
Mountainous landscape group does not occur within Island County.

At an initial meeting with the Island County Technical Advisory Group (TAG), a
recommendation was made to combine Lowland and Coastal Landscape groups
into one landscape group. The model compares Assessment Units within
Landscape group, so this decision had the effect of creating one landscape group
within Island County such that all model results are compared within that
landscape group.

Department of Ecology staff, who attended and participated in the TAG meeting,
made this change to the model, and further recommended that the County focus
its analysis primarily on the storage and discharge submodels of water flow,
since these submodels are related to the presence and condition of depressional
and slope wetlands, which are known to be essential for maintaining stream
flows, and in turn, fish habitats.

Both the surface storage and discharge submodels use the presence of
depressional wetlands for scoring, but can also be used to indicate where the
most important upland areas for conserving aquatic habitats may be located in
Island County.

For scoring the level of degradation to wetlands, the storage submodel evaluates
the intensity of development adjacent and upland of wetlands. The discharge
submodel also looks at road density (roads intercept shallow groundwater flow)
within the contributing watershed of a wetland. Both of these degradation
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factors for water flow also impact the movement of wildlife in and out of
wetlands. Therefore the results of the storage and discharge submodels could be
used to evaluate the general effect of watershed development on the habitat
function of wetlands, which, in turn, may be correlated to higher productivity
and species richness.

By starting with the AUs scored for “protection” Island County could add results
from both the terrestrial habitats characterization model and additional finer
scale information in order to support final decisions on qualifying Fish and
Wildlife Habitat Conservation areas. While this analysis was considered for use
in the FWHCA ordinance update, it was determined, in consultation with Island
County and Department of Ecology staff, that wetlands are a critical area already
protected under Island County’s ordinance, and that identifying specific, high
guality wetlands as correlated to higher species productivity would be too
indirect an approach for this regulatory update process. After discussion, it was
decided not to pursue further analysis of the Water Flow submodels for
discharge and storage with respect to FWHCA regulatory updates, though it was
noted that this information should be considered for policy updates as a part of
the Comprehensive Plan update process scheduled for 2016.

With respect to Water Quality, it was determined the Island County Water
Quality database, and the data on recharge provided by Doug Kelly, (Island
County staff hydrogeologist), provided a finer scale of resolution than that
provided by either the recharge subcomponent model or the water quality model
of Watershed Characterization. Therefore, Ecology recommended using Island
County’s local data sets as most appropriate for analysis instead of the
Watershed Characterization subcomponent models for water quality and
recharge. It should be noted that recharge is a process critical to aquifers that is
beyond the scope of this regulatory update. Aquifer recharge analysis should
form the basis of the critical areas ordinance related to that subject area, and is
beyond the scope of this Fish and Wildlife Habitat Conservation Areas ordinance
update. Water quality monitoring results from Island County are discussed in
Section 4.2 of this report.

2.2 Watershed Characterization Volume 2 — The Habitat
Assessment Models
Volume 2 of the Watershed Characterization includes habitat assessment models
for terrestrial habitat, freshwater habitat, and marine shoreline habitat. Results
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from the terrestrial habitat assessment model were presented at a TAG meeting
in October of 2013. Based on the map results, the TAG had concerns regarding
the accuracy of some of the model outputs. WDFW staff analyzed the results
and determined that one of the underlying data sets, the Washington State Parcel
Database (RTI 2011) used land use codes which may have been inaccurate. For
example, the database identified parcels within Deception Pass State Park as
residential, while in fact these forested parcels are not under threat of
development.

An effort was made to determine how to resolve this problem. Unfortunately,
each tax parcel in the database would have to be analyzed for accuracy, which
would involve analyzing thousands of parcels. This would be a significant
increase in the level of effort anticipated as part of the project, and could not be
undertaken given the project schedule mandated by the GMHB Compliance Order.

Because Island County was interested in understanding the relative value of its
habitats, and use of those habitats by species, as determined by a model, WDFW
staff spent considerable time and effort working with Island County and the
project team to develop alternative approaches to using the Watershed
Characterization Volume 2 models, or failing that, alternative maps above and
beyond existing data sets, that could provide Island County with a path forward.
WDFW provided three map sets for analysis. The first is a map set that shows
anadromous fish use on one map, and shows all streams (both those supporting
anadromous fish, and those for which no data on anadromous fish are present)
in Island County. This map is analyzed in greater detail in Section 3.2 section of
this report. The second is a map set that shows terrestrial habitats and open
space within Island County. This map is analyzed below. The third map set
shows the marine shoreline habitat assessment model results, and is paired with
a graphic that highlights both habitats of local importance, as designated by
Island County’s FWHCA ordinance, as well as some significant habitats (per
WDFW'’s Priority Habitats and Species (PHS) data) that are not specifically
protected by ordinance in Island County. These map sets are discussed in
section 3.7 of this report.
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3 ISLAND COUNTY SETTING
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Island County is located in north central Puget Sound in the Salish Sea,
surrounded by the Strait of San Juan de Fuca to the west, and Georgia Strait to
the north (Map 1). Island County comprises two long, linear islands, Whidbey
Island to the west, and Camano Island to the east. Saratoga Passage is the body
of water between the two islands. Seven smaller islands are also included within
Island County. Whidbey Island is approximately 35 miles long and varies in
width from 1.2 to 12 miles wide, and approximately 170 square miles in size.
Camano Island is somewhat smaller, at approximately 100 square miles in size.
Camano Island is separated from Snohomish County to the east by Possession
Sound and Port Susan. Island County contains 196 miles of marine shoreline and
11 miles of lake shoreline (ESA 2012). Two major river systems, the Skagit River
and the Snohomish River are located just to the east of Island County. The
Olympic Mountain range is located to the west. Annual precipitation in the
County ranges from approximately 18 inches in central Whidbey Island to 60
inches in portions of southern Whidbey Island. Most precipitation falls as rain in
the period from October through March. The County does not typically receive
significant snowfall, and the rare rain-on-snow events are not a significant factor
in the hydrology of the County’s watersheds. The soils on the glacial uplands
and terraces exhibit moderately good drainage, and soils in upland depressions
and deltas exhibit poor natural drainage (USDA 1958).

The County does not have any rivers, and most streams are intermittent or
ephemeral. Dikes and tidegates have created upland and freshwater habitats in
areas that were historically estuarine habitats, including portions of some of the
larger watersheds in the County, such as the Maxwelton and Dugualla basins.
Although much of the historic prairie and oak woodlands have been lost to
agriculture and development, small areas of prairie still remain in central
Whidbey Island.

The following data sources are useful identifying and understanding the flora
and fauna of Island County:

Native Plant Society Plant List for Whidbey Island
http://www.wnps.org/plant_lists/counties/island/island county.html
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Prairie and Oak Woodland Habitats and Associated Rare Species on Whidbey Island
(Sheehan 2007)

Whidbey Audubon Society- Bird Check List
http://www.whidbeyaudubon.org/birdlist/

Willamette Valley- Puget Trough- Georgia Basin Ecoregional Assessment (Floberg et
al. 2004)

The majority of the County is in residential use, although government-owned
lands, timber, and agriculture also constitute significant land use areas in the
County. With respect to timber harvest, in a comparative study of timber harvest
conversion rates between 2005 and 2008 in WRIAs 5 (Stillaguamish) 6 (Island
County), and 7 (Snohomish Basin), WRIA 6 showed that while harvest acreage
rates generally corresponded with WRIA size (with size order being WRIA 7
having the largest upland harvestable area, then WRIA 6, then WRIA 5) the timber
conversion rates documented that WRIA 6 had a conversion rate density nearly
three times higher than WRIA 5 and nearly two times higher than WRIA 7.
(Shattuck and Marks. 2009). Over 90 percent of the county is zoned for low density
residential development (SRP 2005). Island County’s population is projected to
increase from just over 80,000 in 2010 to approximately 93,000 in 2040, per
intermediate population projections (OFM, 2012). The County is one of the
smallest counties in the state by area, yet has one of the highest densities per area,
at 300 people per square mile (Island County Comp Plan. 2011). Population
growth has gradually slowed in recent years within the County, and the Island
County Planning Department projects an average 0.46 percent annual growth rate
through the year 2036 (Island County 2013). Most of Island County is zoned rural,
and rural zoned areas have a minimum allowable lot size of one dwelling unit per
5 acres. Continued population growth will likely result in a greater proportion of
permanent residences and residential development through subdivision of large
lots to the minimum allowable lot size (one dwelling unit per 5 acres in rural-
zoned areas, which compose the greatest area in the County).

Land conversion from agriculture and forestry to more intensive land uses and
higher densities has occurred in the County (SRP 2005, and as noted above), and
it is expected to continue. In contrast to residential development growth in the
County, areas devoted to agricultural production have decreased in the County
in recent years. Between 2002 and 2007, there was an 18 percent reduction in
area of land in agriculture in Island County (USDA 2007). Between 2005 and 2012

11
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the average annual acreage converted from forestry to non-forestry uses was
28.15 acres for Camano Island and 100.51 for Whidbey Island (Shattuck and
Marks 2009).

Island County code does not currently identify fish and wildlife habitat
corridors, although the Growth Management Act does state that counties and
cities should consider “Creating a system of fish and wildlife habitat with connections
between larger habitat blocks and open spaces, integrating with open space corridor
planning where appropriate” (WAC 365-190-130(3)(a)(i).

Adequate corridors and habitat connectivity are required to support sustainable
habitats for species dispersal, breeding, and foraging, and to sustain viable
populations over the long term. Habitat corridors and connectivity needs vary
considerably based on species requirements. Therefore the establishment of
habitat corrid12ors should be premised on a consideration of specific desired
habitats and species of concern.

WDFW has provided a set of maps that show the percentage of terrestrial
habitats and open space currently present in the County by the percentage of
forest and shrub cover per parcel.

The panels in Figure 1 show tree and shrub cover based on the percentage of
cover on individual parcels on Island County using parcel data and land cover
data developed by WDFW as the basis for analysis. The dark green indicates
areas of high forest/shrub cover, while the yellow to red indicates areas of low
forest/shrub cover. These maps show the areas within Island County that
contain increasingly higher percentages of forest/shrub cover. Forest and shrub
cover are indicators of habitat connectivity, and are important structural
elements for many terrestrial species which are wholly or partially dependent on
cover for at least portions of their life cycle.

Because the County consists of two islands, dispersal of some species

(e.g., plants, amphibians, reptiles, and small mammals) to areas outside the
County may be limited or non-existent. The smaller population sizes and
dispersal ranges of island organisms, and potential unique characteristics
resulting from evolutionary isolation, make them sensitive to anthropogenic
change (Caujape-Castells et al. 2010). Because species are not likely to recolonize
from other areas, population declines within the County may potentially be a
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terrestrial habitats/open space

percent forest & shrub per parcel

= 40% = 60% = 80%

Figure 1. Terrestrial Habitat — Cover. Dark green indicates areas of high
forest/shrub cover, while the yellow to red indicates areas of low
forest/shrub cover.

greater concern in Island County than similar declines in mainland areas. Rare
species may be particularly vulnerable to extinction resulting from stochastic
events, and low genetic variability may limit population resilience (Caujape-
Castells et al. 2010).

For Island County, important policy considerations should include the
establishment of habitat corridors to protect areas that might become
geographically isolated due to encroaching development. Such areas occur west of
Oak Harbor (due to urbanization), in the Greenbank area (north of Freeland, due
to the narrowness of the Island at this location), and south of Freeland due to
development. These areas are identified and discussed in the Island County
Comprehensive Plan, Parks and Recreation Element, which also proposes potential
habitat corridors based on Island County conservation considerations as presented
in the Plan (Island County Comprehensive Plan, 2011). It should be noted that the
Parks Element is broader than wildlife habitat conservation corridors. Open space
and wildlife habitat corridor protection policies will be updated by 2016. The work
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3.1

3.2

done as a part of the Parks Element with respect to conservation priorities and
corridors should be considered as a part of this update.

The map provided by WDFW with respect to terrestrial habitat and open space
cover by parcel, confirms the geographic areas of highest vulnerability west and
north of Oak Harbor, in the Greenbank area, and south of Freeland. Habitat
corridors should be considered in areas of highest vulnerability as a part of
Comprehensive Plan policy updates during the 2016 Comprehensive Planning
process for Island County. Because no existing habitat corridors are designated or
protected by the current ordinance, this issue is not further discussed in this report.

Fish and Wildlife Habitat Conservation Areas in Island
County

Endangered, Threatened, or Sensitive Species and

Species of Local Importance
Species occurring in Island County that are State or federally listed as endangered,
threatened, or sensitive or are identified as Species of Local Importance or
Protected Species in Island County (ICC 17.02.050.C.h and i) are identified in
Table 1. Those species specifically called out by Island County Code are shown in
bold in Table 1. Map 2 identifies documented locations of locally protected flora
and fauna, as well as species of local importance. The Washington State
Department of Fish and Wildlife (WDFW) and the Washington State Department
of Natural Resources (WDNR) (Natural Heritage Program) identify priority
species, habitat types, and ecosystems in each county. In Island County, all WNHP
high quality wetland ecosystems and high quality terrestrial ecosystems are
considered habitats of local importance (ICC 17.02.050.C.1.j?). The locations of
these communities are shown on Map 3. However, not all species and areas
recognized or recommended by either department must be singled out and
designated by counties and cities for extraordinary protection or management
(WAC 365-190-040 4b). Many of the State, federal, and locally designated species
function as indicator species because of their association with a specific
environmental condition. The condition of these species can help to identify

2 The code specifically refers to a map prepared by Island County dated October 11, 1999. That map is
reproduced here as map xx.

14



The Watershed Company and Parametrix
January 31, 2014

changes in habitat functions and processes needing protection. Those species that
are not protected by Island County’s current code are shown on Map 4.
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Threatened, endangered, and sensitive species, as well as Species of Local
Importance, organized by habitat, are briefly described below:

Aquatic Species

Bull trout- Bull trout do not spawn or rear in freshwater habitats in Island County;
however, bull trout have been found in the County’s nearshore habitats. A recent
study of bull trout movement in Skagit Bay, found that approximately two thirds
of the bull trout tagged in Skagit Bay remained in the Bay, and seemed to exhibit
some level of site fidelity within the Bay (Hayes et al. 2012). Many of the tagged
fish occurred on the eastern shorelines of Whidbey Island and the northern
shorelines of Camano Island (Hayes et al. 2012). The study further found that bull
trout typically occurred within 0.4 km from the shore in waters less than 4 meters.
Use of spit-berm, green algae, and eelgrass habitats was higher than would be
anticipated based on their occurrence, suggesting that bull trout preferentially use
these habitats (Hayes et al. 2012). Forage fish and juvenile salmonids are important
prey species for bull trout in marine waters (SRP 2005).

Hood Canal summer chum salmon- Juvenile chum salmon occur along the
County’s shorelines in shallow, nearshore habitats and pocket estuaries (Beamer et
al. 2006a). The distribution of listed summer chum and unlisted fall chum salmon
occurring along the Island County shorelines has not been established; however,
regional fisheries scientists suggest that the majority of chum salmon occurring in
the Whidbey Basin are fall chum (SRP 2005).

Chinook salmon- Island County does not support independent Chinook salmon
populations; however, Chinook salmon fry have been documented to rear in many
small streams and pocket estuaries in the Whidbey Basin areas of Island County
(Beamer 2006, Beamer et al. 2013). In particular, Juvenile Chinook have been
documented using the lower reaches of small, freshwater streams that are
accessible to the nearshore, including those that are temporally and/or spatially
intermittent (Beamer et al. 2013). It is likely that the streams provide a
physiological refuge for juvenile Chinook salmon in their adaptation to saltwater,
as well as foraging opportunities (Beamer et al. 2013). Growth rates of individual
juvenile Chinook salmon in small streams were similar to the growth rates of
juvenile Chinook salmon in noted productive rearing habitats such as pocket
estuaries and tidal delta scrub shrub habitat (Beamer et al. 2013)., These results
indicate that independent small coastal streams have the ability to provide fry
migrant Chinook salmon with suitable rearing habitat and should be considered
important for juvenile Chinook salmon (Beamer et al. 2013).
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Additionally, the County is located in an important geographic position along
the marine migration corridor for all 22 independent populations of the Puget
Sound Ecologically Significant Unit (ESU). In particular, Chinook salmon from
the Skagit, Snohomish, and Stillaguamish rivers, have been documented to use
the nearshore habitats of the Whidbey Basin (SRP 2005). In particular, juvenile
Chinook salmon have been found to occur in pocket estuaries throughout
Whidbey and Camano Islands, and these habitats likely provide important
foraging and rearing areas for the species (Beamer et al. 2003, Beamer et al. 2006a,
discussed further in Section 4.3.3).

Steelhead- Steelhead typically spend 1-3 years in freshwater, before emigrating
to marine waters. Steelhead have been documented in Strawberry Point Creek,
Kristoferson Creek, & Zook Creek (officially unnamed creek south of the Clinton
ferry terminal, sometimes referred to locally as ‘Old Clinton Creek’3 (Beamer et
al. 2013). The steelhead identified in the small streams of Whidbey Island were
assumed to be more than one year old based on their size. However, they were
not as large as the general size range of outmigrating steelhead smolts and were
most likely not ready to migrate to sea (Beamer et al. 2013).

Other salmonids- In addition to the federally threatened salmonids, addressed
above, the WAC requires that jurisdictions give special consideration to
conservation or protection measures necessary to preserve or enhance
anadromous fisheries (WAC 365-190-080). Other anadromous salmonids
occurring in the County include pink (Oncorhynchus gorbuscha), coho (O. kisutch),
and sockeye (O. nerka) salmon and cutthroat trout (O. clarkii) (SRP 2005). Of
these, coho salmon is a federal species of concern.

Whereas pink salmon emigrate from their natal freshwaters to enter marine waters
days to weeks after emergence, coho salmon, sockeye salmon, and cutthroat trout
typically reside in freshwater habitats for one year or more prior to emigrating to
marine waters. Similar to other salmonid species that emigrate to marine waters
shortly after emergence (e.g. Chinook and chum salmon), pink salmon are
commonly found in pocket estuaries in Island County (Beamer et al. 2006a).

Within Island County, coho salmon spawn in Maxwelton Creek, where the coho
population has been supplemented by outplanting of fry beginning in 1956. Coho

% The reference to Old Clinton Creek was provided by Steve Erickson, personal communication, 1/24/14.
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and chum salmon have also been documented in upstream areas in Glendale
Creek, Kristoferson Creek, and Chapman Creek (SRP 2005). Redds and coho fry
have been documented in Zook Creek (Beamer et al. 2013). Coho salmon were
documented in the lower reaches of 31 out of the 64 streams sampled in Island
County (Beamer et al. 2013).

Cutthroat trout, which may exhibit either resident or anadromous life histories,
are also present in several of the freshwater streams in Island County. Coastal
cutthroat trout were identified in the lowermost reaches of 23 streams in Island
County (Beamer et al. 2013). Factors affecting freshwater habitat characteristics
for salmonids are discussed in detail below.

Boccacio, yelloweye, and canary rockfish- These rockfish are long-lived with
generally similar life histories. Larval rockfish are dispersed by currents, and
juveniles settle in shallow, nearshore habitats such as kelp and eelgrass beds or
sandy areas (NMFS 2010). As rockfish species mature, they are associated with
rocky habitats ranging from 10 to several 100 meters deep (NMFS 2010). As
adults, bocaccio tend to be more pelagic than either yelloweye or canary rockfish.
Observations of bocaccio, yelloweye and canary rockfish are rare, and the
proportion of incidental catch of these species has decreased significantly over
the past three decades (NMFS 2010). Indirect effects from upland development
may include water quality impacts, effects on invertebrate or fish prey, and
effects on shallow water habitats for juveniles.

Steller Sea Lion- The Eastern Distinct Population Segment (DPS) of Steller sea
lions occurs in marine waters on the Washington Coast and Puget Sound. The
population abundance and productivity of the Eastern DPS has increased
substantially over the last 30 year (NMFS 2013). Following a petition by the
States of Washington, Oregon, and Alaska, the National Marine Fisheries Service
(NMFES) delisted Steller sea lions in October 2013 (NMFS 2013). However, Steller
sea lions are presently still listed as threatened in Washington State. Steller sea
lions are not included in WDFW’s PHS list as occurring in Island County.
However, they are listed as a protected species by Island County’s FWHCA
ordinance, and have been observed in the vicinity of Fort Casey State Park (Sarah
Schmidt, personal communication, January 27, 20144). In addition, Elephant
seals have been documented over the past two to three years molting on the

4 Marine mammal haul out locations can be confirmed at: _http://www.orcanetwork.ora/strandings.html
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beach north of Double Bluff, remaining on the beach for two to three days at a
time (Sarah Schmidt, personal communication, January 27, 2014). Indirect effects
of upland development on Steller sea lions may include impacts to water quality
and food sources.

Gray whale- Gray whales occasionally occur in marine waters near Island
County during their annual migration between feeding grounds in Alaska and
breeding grounds in Mexico. Northbound whales pass through Washington
waters from March through May. Some enter Puget Sound, and a few summer
there (WDFW 1997). Gray whales feed on benthic invertebrates by filtering
sediments from the sea floor. Based on photo identification of individuals,
several gray whales return most years to waters around Island County, feeding
on benthic invertebrates (including ghost shrimp) for several months (Orca
network, electronic reference). Gray whales are listed as a protected species in
Island County’s FWHCA ordinance. Feeding grounds for Gray whales are
mapped by WDFW as occurring off the east and northwestern portions of
Camano Island (Map 2). Indirect effects of upland development on gray whales
may include impacts to water quality and food sources.

Humpback whales- Humpback whales are rare in Puget Sound, although
sighting frequency has increased in the last decade (Falcone et al. 2005), along
with a general increasing trend in population levels in the eastern Pacific (NMFS
2005). Humpbacks filter plankton and forage fish, particularly herring, through
their baleen. They exhibit site fidelity to feeding areas accessed as juveniles
(Falcone et al. 2005). As with the other whales, impacts to water quality and
habitats that support prey production may reduce foraging opportunities for
humpback whales.

Southern resident killer whale- The Southern Resident population consists of
three pods, labeled J, K, and L, with a total of 81 individuals in 2013 (Orca
Network, electronic resource). Southern resident killer whales spend a portion of
the year, typically spring, summer, and fall, in inland marine waters in
Washington State (NMFS 2008). Within Puget Sound, killer whale occurrences
are concentrated on the south side of the San Juan Islands, although they do
occur along the more open waters of Island County (NMFS 2008). Southern
resident killer whales feed primarily on fish, with a strong preference for
Chinook salmon, which composed 78 percent of identified prey from late spring
to fall (Ford and Ellis 2006). Other prey species include chum, coho, steelhead,
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sockeye, and non-salmonids (such as Pacific herring and quillback rockfish).
Recent research suggests that prey limitation is a significant physiological
condition affecting southern resident whales (Ayers et al. 2012). Development
activities that impact water quality, prey populations or habitats such as eelgrass,
kelp, and forage fish spawning beaches may indirectly threaten southern
resident killer whales (NMFS 2008).

Birds
American white pelican- White pelicans are uncommon, non-breeding winter

visitors to shallow bays in Island County. White pelicans forage on small fish
and invertebrates, and flocks may forage cooperatively by circling around fish or
by driving fish towards the shore (Evans and Knopf 1993 in WDFW 2012).
Breeding birds are highly sensitive to disturbance (Seattle Audubon Society
2005). The only breeding colony of white pelican was established in 1997 in
Washington, and occurs in the McNary National Wildlife Refuge in Walla Walla
County (WDFW 2012).

Bald eagle- The bald eagle population has recovered significantly since the ban
on DDT use in 1972; by 2005, there were signs that the bald eagle population had
reached carrying capacity in areas in western Washington State (Stinson et al.
2007). Bald eagles were federally delisted in 2007. In Washington State, bald
eagles were reclassified from Threatened to Sensitive. Bald eagles and their nests
are still protected by the Bald and Golden Eagle Protection Act and the
Migratory Bird Treaty Act. They also receive special protection under RCW
77.12.655; however, the State no longer requires bald eagle management plans for
activities near bald eagle nests. If at any point the bald eagle is listed as an
endangered or threatened species (federally or by Washington State), the state
requirement to develop a management plan will be restored. Bald eagles are
identified as a protected species under Island County’s FWHCA, and the code
references WAC 232-12-292 (Washington State Bald Eagle Protection Rules).
Although these rules have been changed since Island County’s FWHCA
ordinance was created, and no longer require the preparation of bald eagle
management plans, work in and around bald eagle nests and habitat still
requires consultation with the USFWS to ensure compliance with the federal
Bald and Golden Eagle protection act. The bald eagle is still listed by WDFW as
a sensitive species, and its habitat and nesting territory may still be protected by
local governments in compliance with the Growth Management Act. Bald eagle
nests occurring in Island County are shown on Map 2. As of 2005 WDFW no
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longer has funding for Bald eagle surveys. The most recent surveys can be
accessed at http://wdfw.wa.gov/conservation/bald_eagle/territory.

Bald eagles forage on dead or live fish, waterfowl, or small mammals (Stinson et
al. 2007). In Washington, most bald eagle nests occur within 100 m (328 ft) of
marine, lake, and river shorelines, and virtually all nests occur within one mile of
shorelines (Stinson et al. 2007). Nesting sites range from old-growth forests to
forests amid rural-residential development, but bald eagles require large trees to
support their nests, and they typically select the largest tree in a stand for nesting
(Stinson et al. 2007). In addition to water quality and prey populations, the long-
term supply of tall trees is important to supporting bald eagle populations
(Stinson et al. 2007).

Individual eagles have demonstrated habituation to continued exposure to
human disturbance (Steidl and Anthony 2000). However, the species is usually
found to be highly sensitive to human activities both in winter (Stalmaster and
Kaiser 1997) and around nest sites, which could adversely impact foraging and
reproductive success (Steidl and Anthony 2000). Breeding activity budgets were
significantly different between birds exposed to human campsites 100 and 500 m
(328 and 1640 feet) from nests. WDFW recommends avoiding disturbances at
that time from loud machinery within approximately 244 m (800 feet) of known
nest sites. Other activities that might be disruptive within about 122 m (400 feet)
of communal roosts (regularly-used clusters of trees where eagles sleep) also
should be avoided, especially where visually screening vegetation is sparse or
absent (Watson and Rodrick 2000).

Brown pelican- Non-breeding brown pelicans occur rarely in Island County.
Habitat use has been associated with the environmental parameters of water
depth, distance to shore, and water temperature (Briggs et al. 1983). Non-
breeding birds’ diets are not specifically documented, but presumably consist
primarily of small, surface-schooling fish. Because brown pelican abundance off
the Washington coast has been associated with ocean productivity and water
temperature, the protection of forage fish populations in Island County may
enhance foraging success of pelicans in winter.

Common Loon- Wintering, migrating and non-breeding common loons occur on
coastal and inland marine waters of Washington State, and subadult birds often
spend the summer in the marine environment. They are most commonly found
in shallow, clear, sheltered waters close to shore. The species most often feeds
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within five meters of the surface but will dive to at least 60 meters to reach clear
water (McIntyre and Barr 1997). Common loons require abundant prey
(Richardson et al. 2000), and marine habitat use is largely determined by prey
availability (Daub 1989, Haney 1990, Ford and Gieg 1995).

Although the existing County code specifically protects nesting habitats of loons,
and further identifies loons as a species of local importance, loons are not
expected to nest in Island County (Lewis et al. 1999). Loons prefer nesting
habitats along large (>12 ha [29.6 acres] in Alaska), clear lakes with islands or
convoluted shorelines (Lewis et al. 1999).

Loons may be indirectly affected by upland development through effects to
water quality, including bioaccumulation of heavy metals (Alexander 1991) and
legacy pesticides (Ream 1976).

Great Blue Heron typically form large colonies near high quality foraging
habitats including marine shorelines and shallow streams (Azzerad 2012).
Nesting can occur in a range of coniferous and deciduous trees (Azzerad 2012).
The species is listed as a species of local importance in the County’s code, and is
abundant in Island County. Great blue heron are expected to be present on
marine shorelines and many of the creeks in all seasons. WDFW data show

13 breeding occurrences of great blue heron in Island County. These occurrences
are shown on Map 2.

Great blue herons are vulnerable to human disturbance, predation, and
competition for nesting habitat (Azzerad 2012). Although the species may nest
in areas with higher levels of human disturbance, human disturbance is
associated with reduced nesting productivity and, occasionally, colony
abandonment (Azzerad 2012). Bald eagles are the heron’s primary predator
(Azzerad 2012). Impacts from direct disturbance to nesting or foraging areas or
to the prey base, including fish, amphibians, reptiles, invertebrates, and small
mammals could adversely affect the species.

Marbled Murrelet- Marbled murrelets are unique in that they forage exclusively
in the nearshore and typically nest high in the canopy of old-growth evergreen
forests on limbs larger than 10 cm in diameter (Burger 1995, Hamer and Nelson
1995). Marbled murrelet nesting has not been confirmed in Island County, but
nesting may occur in mature conifer forests in the County, and possibly, to a
lesser extent, in the mature deciduous forested communities documented as
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occurring within Island County, although no known nest sites have been
confirmed. A recently fledged juvenile marbled murrelet was sighted in Penn
Cove approximately 6-10 years ago (Steve Ellis, personal communication with
Sarah Schmidt, January, 2014). Additionally, marbled murrelets have been
observed foraging off of Fort Ebey State Park and Rocky Point on the west side of
Whidbey Island (Steve Ellis, personal communication with Sarah Schmidt,
January 2014). Marbled murrelets are listed as a protected species in Island
County’s FWHCA code. Nearshore foraging is also presumed to occur along
Island County’s shorelines.

Marbled murrelets’ nests are difficult to locate because of their small body size,
dense forested nesting habitat, cryptic plumage, crepuscular activity, quick
flight, and secretive behavior near nests (Hamer and Nelson 1995). Of 45 nests
identified in the Pacific Northwest, nest location averaged 16.8 km from marine
shorelines, nest stands in the Pacific Northwest averaged 206 ha, although the
smallest occupied stand was 3 ha (Hamer and Nelson 1995).

The marbled murrelet population in Washington, Oregon, and Northern
California decreased by 30 percent from 2000 to 2010 (Miller et al 2012). The
cause of the population reduction is not well understood, but it could be related
to habitat fragmentation and/or loss, noise and physical disturbance either on
land or in marine foraging areas, or through indirect effects on forage fish
populations, among other possibilities. The loss of old-growth forest, and the
limited presence of mature deciduous forests in Island County may also be
factors that contribute to limited species nesting potential.

Northern Spotted Owl- Spotted owls are uncommon residents in old-growth
forests at low to mid elevations of the Cascade and Olympic Mountains. In
Washington, the species’ range includes the East and West Cascade Range and
the Olympic Mountains. The University of Washington and WDFW Cooperative
Fish & Wildlife Research Unit’s Nature Mapping Program identifies Island
County as neither core nor marginal habitat for spotted owl. There are no
publically available records of spotted owls in Island County in Seattle Audubon
Society’s Sound to Sage Breeding Atlas or the public database eBird.org. Whidbey
Audubon reports two records of spotted owls occurring in Island County. On
New Year’s Day 1996 a dead spotted owl was found at Fort Ebey State Park. In
March 1997 a spotted owl was reported at a residence on Madrona Way near
Coupeville. This occurrence was confirmed by three local birders. The spotted
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ow! was captured and relocated by a government agency (Steve Ellis, personal
communication with Sarah Schmidt, Whidbey Audubon,

Osprey are common breeders near large bodies of water in western Washington,
the PHS data indicate 19 breeding occurrences in Island County. Known nest
sites in Island County are shown on Map 2. Osprey are listed as a species of local
importance in Island County’s code, and their nest sites are protected by code.
The great majority of osprey prey items are fish, and only occasionally and out of
necessity small mammals, birds, or reptiles. Nests are large structures on top of
dead trees or artificially constructed posts near water including power poles, and
are normally built upon and used from year to year. A review of work on osprey
response to human disturbance found that buffer-zone recommendations for
osprey were site-dependent and varied, with a median of 1,000 m (3,281 feet)
(Richardson and Miller 1997). Mean flush distances in response to personal
watercraft and outboard-powered boats were 49.53m and 57.91 m, respectively,
in a more recent Florida study (Rodgers and Schwikert 2001).

Peregrine falcon- Similar to bald eagles, peregrine falcons were recently delisted
federally and their Washington status was then changed to Sensitive. Peregrine
falcons are listed as a protected species in Island County’s code. Nest sites are
protected by code. Peregrine falcons feed on smaller birds in a variety of open
habitats, and they are particularly associated with marine and lake shorelines
(Hays and Miller 1999). Nest sites are most often located on ledges on cliffs over
45 m (150 feet) in height near water (Hays and Miller 1999). The birds are
sensitive to disturbance during all phases of the nesting season (1 March through
30 June) (Hays and Miller 1999). PHS data for Island County depict six breeding
occurrences of peregrine falcon, but these may include historical records (R.
Milner, WDFW, personal communication, December 16, 2013).

Pileated Woodpecker- Pileated woodpecker are listed as a species of local
importance in Island County’s code. Nest sites are protected by code. WDFW
protection measures for pileated woodpecker habitat are included in Section 9.5.2
of this report, and do include protecting suitable nesting, roosting, and foraging
habitat. The pileated woodpecker is a primary cavity excavator, creating nest
cavities for themselves that are subsequently used by other forest wildlife
species. Pileated woodpeckers inhabit old-growth and second-growth forests
with large snags and fallen trees (Lewis and Azzerad 2003). Additionally,
pileated woodpeckers are residents in remnant forest patches, parks, and green-
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belts in developing areas throughout Washington (Lewis and Azzerad 2003).
WDFW PHS data depict one breeding occurrence of pileated woodpecker in the
county, while the Seattle Audubon Society’s Sound to Sage Breeding Atlas shows
widespread “probable” and “confirmed” occurrences in the County. Because of
their need for large trees and their large territory requirements, loss or
fragmentation of wooded tracts, large snags, and large trees will impact the
species (WDFW 2004). Management activities should focus on providing and
maintaining habitat connectivity and a sufficient number of appropriate large
snags and large, decaying live trees for nesting and roosting.

Short-tailed Albatross- Short-tailed albatross is an extremely rare visitor of the
coast of Washington, and it is not expected to occur in Island County.

Trumpeter Swan- Trumpeter swans are listed as a species of local importance in
Island County code. Trumpeter swans are winter visitors to open field and
estuaries in western Washington, and the species may use pocket estuaries in the
County for foraging and resting. There are no current breeding records in the
state. Plant material is the main component of their diet, and their winter diet is
mainly upland grasses, cultivated tubers, and waste grain, and thus they may
benefit from fallow agricultural fields in winter. Trumpeter swans are
documented by WDFW every January as part of an annual swan survey. The
greatest numbers (200-400) occur on Camano Island (R. Milner, WDFW, personal
communication, December 16, 2013)

Reptiles
Western Pond Turtle- The western pond turtle is locally extinct in Island County
(Adamus 2008).

Prairie Species

The species listed below occur in prairie habitats, where the term prairie in this
document is used as a general descriptor for wet and dry prairies, herbaceous
balds, and herbaceous communities atop coastal bluffs.

Golden paintbrush, a member of the figwort family, is a multi-stemmed
perennial herb. Itis listed as a protected species in Island County code.
Historically, golden paintbrush ranged from the Willamette Valley in Oregon,
through the Puget trough, and up to the south end of Vancouver Island in
association with prairies (Sheehan 2007). Species collection records indicate that
golden paintbrush has a wide habitat preference and was not restricted to well-



The Watershed Company and Parametrix
January 31, 2014

drained soils historically (Lawrence and Kaye 2006). Prairie vegetation in the
Pacific Northwest was historically maintained by anthropogenic fire. Golden
paintbrush appears to respond favorably to fire management (Dunwiddie et al.
2000 in Lawrence and Kaye 2006). Today, there are six known locations of
natural occurrences of golden paintbrush on Whidbey Island. These include Fort
Casey, two areas on Admiralty Inlet Natural Area Preserve (NAP), Hill Road,
West Beach and Forbes Point. These locations are shown in Map 3. In addition to
its federally threatened and State endangered status, the Department of Natural
Resources (WDNR) Natural Heritage Program (NHP) identifies the State
conservation status as S1- Critically imperiled.

White—top aster is State sensitive species that forms large colonies connected by
rhizomes. It is listed as a protected species in Island County code. There is only
one known occurrence of the species on Whidbey Island in an area known locally
as Schoolhouse prairie (Erickson, personal communication, January 24, 2014).
This occurrence is the only documented population between the prairies of south
Puget Sound and the Vancouver Island, British Columbia (Sheehan 2007). The
WDNR identifies the species as vulnerable (S3).

White meconella has only been documented at three sites in Washington State,
although the species is relatively small, and comprehensive studies have not
been completed to document its presence or absence (WDNR 2013). The species
was likely aided by historical fire disturbance, and may now be impacted by
competition from weedy species. Documented occurrences on Whidbey Island
occurred in 1897 and 1936, and more recently plants have consistently been
located in the vicinity of Goose Rock in Deception Pass State Park in 2004, 2007
and 2008, although there is significant variation in the number of plants located
from year to year (Joe Arnett personal communication, January 6. 2014, see also
Arnett. 2013). The WDNR identifies the species as critically imperiled (S1). The
species is listed as protected in Island County code.

Taylor’s checkerspot (Euphydryas editha taylori), a mid-size butterfly, was
historically present in prairies of Clallam County, in British Columbia, and on
Whidbey Island (Stinson 2005 and Sheehan 2007). This species in not currently
known to be present in Island County (Federal Register 2013), although intensive
surveys for the species have only recently begun. There are areas of existing
suitable habitat in Island County, though these extant habitat patches may not be

29



Island County Best Available Science and Existing Conditions Report
for Fish and Wildlife Habitat Conservation Areas

30

individually large enough or sufficiently connected to support a persistent
population.

Taylor’s checkerspot produces a single generation per year. They are a non-
migratory species and usually do not disperse very far. Taylor’s checkerspot
butterflies lay eggs on preferred host plants, which include members of the
figwort (Scrophulariaceae) and plantain (Plantaginaceae) families. Larvae feed
on one or more host plants and adults require nectar to sustain flight and
reproduction. Therefore, viable habitat for Taylor’s checkerspot butterflies
should include host plants and a variety of nectar sources. This butterfly shows
a preference for certain nectar sources, including common prairie plants, such as
camas. Habitat heterogeneity, including sparse trees such as Garry oak,
topographic variety, and microclimate conditions foster sustainable populations
of Taylor’s checkerspot, effectively shielding them from seasonal weather
extremes (Stinson 2005).

Plant Species Based on Historic Occurrences in the County
The following plant species are included on the County’s protected species list in

the existing code. They include state endangered, threatened, and sensitive
species; and one species (Alaska alkaligrass) that is considered extinct. The most
recent documented occurrence of the following species in Island County
occurred prior to 1977 (WDNR 2013). As such, it is uncertain whether they
persist within the County.

Bulb-bearing water-hemlock- Listed as a state sensitive species, the species is a
wetland obligate that is usually associated with organic material, such as logs or
sphagnum moss (WDNR 2013). Similar to other species in the Cicuta genus, the
species is extremely poisonous.

Black lily- Listed as a state sensitive species, this bulb-bearing perennial herb
occurs in moist, open meadows, along lakes and streams, and in sphagnum bogs
and salt marshes (WDNR 2013).

Tall agoseris- Listed as a state sensitive species, this flowering perennial occurs

in meadows, prairies, open woods, and rocky ridges in California, Oregon, and

Washington (WDNR 2013). There are fewer than 50 documented occurrences in
Washington. The species is associated with low canopy cover, and likely relied

on fire to maintain open, prairie habitat.
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Alaska alkaligrass- Listed as a state sensitive species, the species is a glabrous

perennial grass that occurs in salt marshes, gravel ridges, moist pockets of

gravelly prairies, near marine waters, and in mud flats (WDNR 2013). Fewer

than 15 occurrences of the species have been documented in Washington, all of

which were prior to 1980 (WDNR 2013). However, systematic surveys have not

been conducted to identify potential occurrences.

3.3 Habitats of Local Importance
Habitats identified as Habitats of Local Importance in Island County Code (ICC)

are shown in Map 5, and include the following areas which are briefly described

below:

Bos Lake/Swan Lake
Crockett Lake

Deer Lagoon

Newman Ponds?®

Cultus Bay Flats

Whidbey Island Game Farms®

Bos Lake (AKA Swan lake) - Bos Lake is located in the northwestern
portion of Whidbey Island, west of the city of Oak Harbor. Itis
approximately 116 acres in size, and includes open water and wetland
habitat, and is proposed to be within ‘Natural’ shoreline designation in
Island County’s proposed Shoreline Master Program (the SMP includes a
strip of ‘Shoreline residential’ designation to the west of the lake). The
lake is bounded on the west by a road that provides access to the
residences located along the shoreline spit. Vegetation around the rest of
the lake has been cleared. Land use to the east of the lake is pasture. Bos
Lake provides habitat for waterfowl, shorebirds, and a variety of other
species. Itis considered an Important Bird Area by Whidbey Audubon
Society, with 150 documented species occurrences’. Whidbey Audubon

5 Island County’s ordinance identifies this area as Newman Road Lakes, but common usage is Newman
Ponds. Common usage is employed in this document.

6 |CC identifies the property as Whidbey Island Game Farm. Since the ICC was adopted, the land has been
purchased by the Au Sable Institute, and is now managed by the Pacific Rim Institute. It includes a portion
of historic Smith Prairie.

" The Important Bird Areas is a program of the National Audubon Society and Bird Life International,

http://web4.audubon.ora/bird/iba/

http://netapp.audubon.org/IBA/Reports/275

http://importantbirdareas.blogspot.com/
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is currently in the process of conducting bi-monthly bird counts to
establish baseline numbers on birds currently using the area, and hopes
to receive Important Bird Area designation by the National Audubon
Society as a result. It is also a documented breeding area for American
Wigeon, Lesser Scaup, and Ruddy Duck, species that rarely nest in
Western Washington.?

o Crockett Lake- Crockett Lake is located to the east of Fort Casey State
Park, on the west side of central Whidbey Island. It is a coastal saline
lagoon, approximately 600-700 acres in size, and includes brackish marsh,
freshwater marsh, open water, and mudflats.® The lake fringe also
includes low and high salt marsh, with brackish and freshwater wetlands
extending to the east. Hydrology of the lake is controlled by a tidegate
that connects Crockett Lake to Admiralty Bay. The tidegate is maintained
and managed by Island County Drainage District Number 6 (Herrera,
2007). Freshwater wetlands on the eastern shores of the lake are
sustained by groundwater. There is also some freshwater input from
ditches to the north. Crockett Lake is proposed as ‘Natural’ Shoreline, as
well as ‘Rural Conservancy’ designation under the jurisdiction of Island
County’s proposed Shoreline Master Program. The area around Fort
Casey is designated as ‘High Intensity’ under the proposed SMP. Land
use to the north of Crockett Lake is open pasture land. SR 20 is to the
south of the lake. Crockett Lake is designated as an Important Bird Area
(IBA) of Washington State by the National Audubon Society. 213 bird
species have documented occurrences at, or in the vicinity of Crockett
Lake.'® There is a historic occurrence of black lily, (Fritillaria
camschatcensis) to the east of Crockett Lake, at Admiralty Lagoon (1975).1
Invasive species, including Epilobium hirsutum and Phragmites australis are
present at the site (Herrera, 2007).

e Deer Lagoon- Deer Lagoon is located on the southwest portion of south
Whidbey Island, along the shores of Useless Bay. The lagoon covers
approximately 950 acres, and is composed of both freshwater and
estuarine wetland, including mudflats and saltmarsh*?. Wetlands within
Deer Lagoon have been significantly altered by historic diking. Deer
Lagoon is proposed as containing both ‘Natural’ and *‘Shoreline
Residential’ designations under Island County’s proposed Shoreline
Master Program. Deer Lagoon is a designated Important Bird Area (IBA)

8 Whidbey Island Audubon Society, IBA nomination form, 2008.

9 http://www.beachwatchers.wsu.edu/island/estuaries/CrockettLake.htm
1o Whidbey Audubon, IBA nomination form, 1999.

11 WNHP PHS data

12 http://www.beachwatchers.wsu.edu/island/estuaries/DeerLagoon.htm
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of Washington State by the National Audubon Society, with documented
use by 173 bird species. Deer Lagoon is considered particularly
important for use by waterfowl, with concentrations of geese, ducks, and
swans far exceeding other locations on Whidbey Island.®* Deer Lagoon is
privately owned. Surrounding land use is residential and agricultural.

Newman Road Lakes- Locally known as Newman Ponds, this is an
approximately 70 acre area located on south Whidbey Island, east of
Freeland, and north of Highway 20. It is privately owned and called
Earth Sanctuary. This area contains south and southwest facing second
and third-growth forested hillslopes and two freshwater wetlands as well
as a bog. Surface water flows through the ponds, which are impounded
with weirs at the outlet, to the bog, and from there downstream to the
south eventually draining to Deer Lagoon. Two of the wetlands on site,
known locally as the West and Central Ponds, were created in
approximately 1970 by the USDA (Soil Conservation Service) for
waterfowl habitat (Earth Sanctuary, 2005). An Osprey nest occurs on site.
In addition, cavity-nesting Wood Ducks and Hooded Mergansers are
documented nesting on site, using both nest boxes and natural cavities
(Whidbey Audubon Society, 2008-2013 Earth Sanctuary Duck Nest Box
Usage). The site is privately owned and managed in part for its
ecological values. The owners have worked with professionals to create
a 500 year management plan for the site (Earth Sanctuary. 2005).

Cultus Bay Flats- The Cultus Bay Estuary includes approximately 650
acres and is located at the southeastern tip of Whidbey Island. It includes
a variety of wetland habitats including freshwater marsh, saltwater
marsh, mudflats, and shallow open water.** Two streams drain to the
bay. Cultus Bay is proposed for ‘Natural’ shoreline designation under
Island County’s proposed Shoreline Master Program. Cultus Bay is a
winter waterfowl concentration site and provides habitat for a wide
variety of waterfowl, including brant.*s It also includes bald eagle habitat,
eelgrass beds, and shellfish beds.

Whidbey Island Game Farm- Pacific Rim Institute/Au Sable Institute.
From the 1940’s through the 1995 this 175 acre site was owned and
operated by WDFW as a ring-necked pheasant farm. In 1999 the site was
purchased by the Au Sable Institute. In 2009, the Pacific Rim Institute, a
separate non-profit entity, was established as a subsidiary of the Au Sable
Institute. The Pacific Rim Institute intended to purchase the 175 acre site

13 Whidbey Audubon Society, Deer Lagoon IBA nomination form, 2000. Available electronically at:
http://netapp.audubon.org/IBA/Reports/276

14 http://www.beachwatchers.wsu.edu/island/estuaries/CultusBay.htm
15 Ruth Milner, WDFW, personal communication 11/22/2013, email.
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from the Au Sable Institute in 2013. The site includes a portion of the
historic Smith Prairie, so named for the original donation land claim
settled by Joseph Smith and his wife Julia in 1971 (Pacific Rim Institute
Management Plan, 2013). The site is located within Ebey’s Landing
National Historic Reserve. A vascular plant species list has been
compiled for the site containing 209 species. 95 bird species have been
documented at the site. A small portion of the historic Smith Prairie
occurs on site and is in ‘good’ condition (approximately 5 acres).
Conservation goals of the site include restoring additional historic native
prairie habitat, restoring the conifer forest and prairie forest ecotone on
site, restoring habitat for vertebrates and invertebrates using the site, with
a focus on prairie birds, and continuing to restore the introduced
population of golden paintbrush at the site, which was documented to
have over 12,000 plants in June of 2012 and thus represents the most
successful introduced planting of this species globally. (Pacific Rim
Institute Management Plan, 2013). Erickson notes that final plant counts
of the introduced population of golden paintbrush were in excess of
16,000 plants (Steve Erickson, personal communication, January 24, 2014).

e Penn Cove- Penn Cove is the bay to the north of the town of Coupeville.
It encompasses 12 miles of shoreline, including Grasser’s Lagoon, and
Kennedy’s Lagoon, on its western shores. Penn Cove is known for
aquacultural production. The northern portion of Penn Cove is also
mapped as a Pacific sand lance spawning area. Penn Cove is an
important area for waterfowl and shorebirds, and its tidal flats and
coastal lagoons support important rearing and refuge habitat for juvenile
salmonids. Penn Cove is designated as an Important Bird Area of
Washington State by the National Audubon Society with 102 species’
documented occurrence, including 3 species of loons, 4 species of grebes,
19 species of ducks and other waterfowl!'6. Penn Cove is listed as a winter
waterfowl concentration site by WDFW, and is an important area for
scoters.

e Hastie Lake- Hastie Lake is located in the northern half of Whidbey
Island, north of Penn Cove and west of Highway 20. Vegetation around
the lake has been cleared. A County boat ramp and parking area occur
on .7 acres of land adjacent to the lake. Land use surrounding the lake is
rural residential. Hastie Lake has silted in in recent years, and is likely
classified as a wetland with a palustrine open water component (with
areas of open water less than six feet in depth) (Island County staff,

16 Whidbey Island Audubon Society, Penn Cove IBA nomination form, 2000. Form available on line at:
http://netapp.audubon.org/IBA/Reports/285

17 Ruth Milner, WDFW Habitat Biologist, personal communication, email, 11/22/2013
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personal communication). Hastie Lake provides habitat for waterfowl as
well as other bird and amphibian species. No systematic inventories of
plant or animal species are known to exist for Hastie Lake.

e Useless Bay- Useless Bay is located in the southwest portion of south
Whidbey Island. Deer Lagoon, described above, comprises the northern
shoreline of Useless Bay. When combined, Deer Lagoon and Useless Bay
encompass nearly 7 miles of shoreline and 729 acres of area. Numerous
streams drain to Useless Bay from the east, north, and northeast (from
Lone Lake). Useless Bay is included as part of the designated IBA, and
provides important waterfowl and shorebird habitat. Geoduck beds and
patchy eelgrass beds occur within the Bay. Eelgrass beds frequently draw
flocks of Brant geese to forage and roost in the area (Sarah Schmidt,
Whidbey Audubon Society, personal communication, January 24, 2014).
The area is also documented as a known location for Great Blue Heron
and a Bald eagle nest (see Map 5). Significant feeder bluffs flank the
western shores of Useless Bay.

Streams

In general, freshwater streams will be managed under the County’s Fish and
Wildlife Habitat Conservation Area regulations. Streams are defined in ICC
17.02.030 as follows:

“Those areas where naturally occurring surface waters produce a defined
channel, bed, bank or side, and where there is clear evidence of the passage
of water such as bedrock channels, gravel beds, sand and silt beds and
defined channel swales. The channel or bed need not contain water year-
round. This definition is not intended to include irrigation or drainage
ditches or swales, canals, storm or surface water run-off devices or other
artificial watercourses unless they are used by salmonids or to convey
streams naturally occurring prior to construction of such watercourses.”

There are no streams classified as Shorelines of the State in Island County (>20
cfs); however, where any stream passes through shoreline jurisdiction (extending
200 feet landward of marine shorelines or lakes over 20 acres, and including
associated wetlands) or is influenced by tides, it will be managed under the SMP
once it is adopted under Ecology’s 2003 Shoreline Master Program Guidelines.

Most streams in Island County are intermittent or ephemeral. Anadromous
salmonid spawning has been documented on Whidbey Island in the following
creeks: Dugualla, Swantown, Crescent, North Bluff, Honeymoon, Useless,
Maxwelton, Quade, Scatchet, Cultus, Glendale, Deer, Old Clinton, Sandy Point
and Langley, and on Camano Island in the following creeks: Kristoferson,
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Cavalero, Carp, Chapman and Cama as shown on Map 6. No comprehensive
effort has been undertaken to ascertain the extent of salmon spawning in Island
County streams. The lack of spawning in suitable streams may be a result of fish
passage barriers (example: Old Clinton Creek). Coho salmon have been
supplemented sporadically in Maxwelton Creek since 1956, although no
supplementation has occurred since 2003 (Robin Clark, personal communication,
January 24, 201although no supplementation has occurred since 2003 (Robin
Clark, personal communication, January 24, 2014). Natural spawning occurs in
Maxwelton, and this Creek has been noted in planning documents as an
independent population (SRP 2005). Other basins may also support independent
stocks that have not yet been documented. For example, redds and coho fry with
egg sacks were recently documented in Zook Creek (Beamer et al. 2013)

3.4.1 Special Consideration to Anadromous Fisheries
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Figure 2. Anadromous Fish-bearing Streams and All Streams in Island County

As previously noted, the GMA requires ‘special consideration to conservation or
protection measures necessary to preserve or enhance anadromous fisheries
(RCW 36.70A.132(1)). The map on the left in Figure 2 shows streams with
documented salmonid usage by WDFW using the freshwater habitats model
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from the Puget Sound Characterization Watershed Characterization Project
Volume 2 (Wilhere et al. 2013).

The freshwater habitat assessments model focuses on connectivity of the
freshwater system. Therefore, it considers how materials upstream (water,
wood, sediment) are transported to the mouth of the system. Reach quality is
affected by stream connectivity, and the model includes an assessment of relative
conservation value both upstream and downstream within each assessment unit.
In addition, the map focusses heavily on the presence of salmon, which have
been the focus of significant conservation planning work in the Puget Sound
region over the last decade; salmon are considered an umbrella species, although
the authors caution that the results should be supplemented by WRIA-specific
planning which is more locally focused than the Puget Sound model (Wilhere et
al. 2013). The assessment units noted in green have a higher relative
conservation value than those shown in yellow.

The GMA directs local governments to “consider recommendations found in
salmon recovery plans...to designate, protect, and restore salmonid habitat’
(WAC 365-190-130(4)(i). In 2005 Island County adopted the WRIA 6
Multispecies Salmon Recovery Plan (SRP, 2005). The WRIA 6 Multispecies
Salmon Recovery Plan establishes geographic priority areas for salmon
restoration within Island County. The geographic priorities from the Plan are
reproduced below:

“Geographic Area 1 (top priority) includes the WRIA 6 sub-basins and
shorelines of Deception Pass, Skagit Bay, and Port Susan. These shorelines
are within ~5 miles of the mouths of the Skagit, Stillaguamish, and/or
Snohomish rivers. This area is utilized by the largest number of Chinook
fry migrants, from these rivers, during their first day of nearshore
migration. The shorelines are primary pathways for bull trout migrating
between these rivers. And the area is used heavily by juveniles and adults
from the 47 salmon and trout stocks that originate in these rivers; over 20%
of the stocks in Puget Sound.” The following salmon-bearing streams
occur within Geographic Area 1:

e Dugualla Creek
o Kristofferson Creek
e Cavalero Creek

“Geographic Area 2 (medium priority) includes the WRIA 6 sub-basins
and shorelines of Saratoga Passage, Possession Sound, Southeast
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Admiralty Inlet (Double Bluff to Possession Point), and Northwest
Whidbey (Deception Pass to the north end of West Beach). The Saratoga
Passage and Possession Sound shorelines and sub-basins were included
because they are within the Whidbey Basin, which is an area that has been
regionally recognized as important to all south and central Puget Sound
stocks. Southeast Admiralty Inlet was included because this section of the
south Whidbey coast is likely to be used by juveniles from a large number
of south and central Puget Sound stocks and part of this area is included in
the bull trout critical habitat definition. Northwest Whidbey was included
because it is adjacent to the top priority area and it is included in the bull
trout critical habitat definition.” The following salmon-bearing
streams occur within Geographic Area 1:

e Crescent Creek

¢ North Bluff Creek
¢ Honeymoon Creek
e Useless Creek

e Maxwelton Creek
e Quade Creek

e Scatchet Creek

e Cultus Creek

e Glendale Creek

o Deer Creek

¢ OlId Clinton Creek
e Sandy Point Creek
e Langley Creek

e Carp Creek

e Chapman Creek

e Cama Creek

“Geographic Area 3 (lower priority) includes the WRIA 6 sub-basins and
shorelines of the west side of Whidbey, south of West Beach and north of
Double Bluff. This area has been given low priority because it is not
adjacent to any of the rivers with natal populations and it is at the entrance
to Puget Sound and most habitats are impacted by high wave energy and
current energy. It is hypothesized that West Whidbey habitats function
primarily as migration corridors and for food production for larger
juveniles and returning adults” (SRP, 2005). Swantown Creek is
located within this Geographic Priority Area.
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While all streams are regulated within Island County, the geographic
prioritization adopted as a part of the WRIA 6 Multispecies Salmon Recovery Plan
could be considered as an overlay onto existing regulations related to protecting
and prioritizing salmon habitat restoration and protection within the County.
However, it should be noted that the geographic priorities in the Salmon
Recovery Plan have not been updated to include new data regarding salmonid
presence in and around Island County as noted in Beamer et al. (2013), and
discussed in this report.

Recent research has documented non-natal salmonid use of the lowermost
portions of 16 out of 32 streams sampled in Island County. This finding indicates
an underappreciated function of many presumed non-fish bearing streams in the
County. Based on statistical analyses, juvenile Chinook are likely to be found in
accessible streams within basins that are larger than 111 acres, with a channel
gradient less than 6.5%. Streams that are closer to natal rivers (Skagit,
Snohomish and Stillaguamish) are more likely to be used by juvenile Chinook
(Beamer et al. 2013). This suggests that small watercourses in Island County may
support juvenile Chinook salmon originating in watersheds outside of Island
County. Results of this study are shown on Map 6.

Resident fish, including resident cutthroat trout, have been documented in
Maxwelton, Glendale, North Bluff, Dugualla, and Chapman Creeks. Another 10
watersheds have been identified as having potential to support salmonid
populations (WSCC 2000). Map 6 shows salmonid-bearing streams as
documented in Island County. Map 7 shows non-salmonid bearing streams in
Island County.

Ponds and Lakes
Direct effects to lakes will be managed by the County’s Shoreline Master
Program. Lakes are currently defined in ICC 17.02.030 as follows:

“A lake twenty (20) acres or greater in size which is subject to the
provisions of the Shoreline Management Act (Goss Lake, Lone Lake,
Crockett Lake, Deer Lake, Kristoferson Lake, Cranberry Lake), and three
(3) unnamed lakes located in Section 24, Township 29N, Range 2E (26
acres); Section 6, Township 31N, Range 1E (25 acres).”

It should be noted that Island County’s Shoreline Master Program,
currently under review by Washington’s Department of Ecology, states
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that shorelines of the state are comprised of marine waters surrounding
eight islands (Whidbey, Camano, Baby, Ben Ure, Deception, Minor,
Smith, Strawberry), coastal lagoons: Admiral’s, Bush Point, Crockett,
Deer, Harrington, Kennedy’s, Lake Hancock, Perego’s, Race, Swan Lake,
Twin Lake; fresh water lakes including Cranberry, Deer, Dugualla, Goss,
Kristofferson, and Lone.” If adopted as proposed, Crockett Lake would
be considered a coastal lagoon under shoreline jurisdiction, and Dugualla
Lake would also be regulated under the proposed Shoreline Master
Program.

It is presumed any natural ponds and lakes in the County support some level of
fish and/or wildlife use, and these will be managed under the County’s FWHCA
regulations. Ponds or lakes less than six feet deep and less than 20 acres in area
that include aquatic bed vegetation are wetlands, and would also be managed
under the County’s wetland regulations (ICC 17.02A.090). The County’s existing
FWHCASs regulate deepwater habitats, defined as open water areas deeper than
6 feet that are not lakes. Several wetlands in the County are man-made ponds or
are associated with man-made ponds (Adamus 2007). Where these ponds were
created in naturally occurring wetlands, human alterations have changed the
previously occurring vegetative, habitat, and hydrologic functions. Newman
Ponds are examples of large open water areas that are not regulated under
shoreline jurisdiction, but would be regulated under FWHCAs, as well as under
the County’s wetland ordinance. Newman Ponds are a designated Habitat of
Local Importance, and discussed in more detail above.

Ponds and lakes in the County are important foraging areas for species including
bald eagles, osprey, peregrine falcon, and great blue heron. Larger lakes may
also be used by trumpeter swan. Several lakes in the County support freshwater
fish populations. WDFW stocks some lakes on Whidbey Island (e.g., Deer Lake,
Cranberry Lake) with rainbow trout to support recreational fisheries.

State Natural Area Preserves and Natural Resource
Conservation Areas
The only Natural Area Preserve (NAP) in Island County is the Admiralty Inlet
NAP, located within Ebey’s Landing National Historical Reserve. The NAP is
jointly owned by the WDNR and Whidbey Camano Land Trust. The NAP
protects one of only 10 remaining populations of golden paintbrush in
Washington State (Arnett 2013). Golden paintbrush is a federally threatened
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plant species. The area includes a 36-acre old growth forest, as well as shoreline
bluffs. PHS data show the presence of bald eagles nests within the Reserve, and
eBird records include sightings of common loon, great blue heron, marbled
murrelet, and osprey. The cliffs, also documented by WDFW as a Priority
Habitat, may be suitable for peregrine falcon nesting, and the species has been
reported there on several occasions by eBird users.

Island County does not presently have any lands designated as Natural Resource
Conservation Areas.

Washington Department of Natural Resources (WDNR)
Natural Heritage Program (NHP) Sites
Natural Heritage Program sites identify vulnerable plant locations and
significant native plant communities in the County as shown on Map 3.

3.7.1 Natural Heritage Program Communities

Freshwater wetlands must meet the following six criteria to be included in as a
NHP site.

1. Contains a native wetland ecosystem type (Element) considered
important for preservation within the state.
2. Little or no human-caused changes to wetland topography or soils.

3. No human caused changes to hydrology of the wetland, or the wetland
appears to have recovered from any changes.

4. Few or no exotic plant species.

5. Little human-caused disturbance of native vegetation, or vegetation has
recovered from past disturbance.

6. No major water quality problems.

Terrestrial communities must meet the following three criteria to be included:

1. Native plants dominate the site: tree layers composed of only native
species.

2. Little or insignificant disturbance to vegetation by logging, conversion to
agriculture, heavy grazing, residential development, or other recent
human extractive activities that alter the ecosystem processes.

3. Large enough for minimal viability and ecological function: at least
20 acres for forest in the Puget Lowlands, and at least 10 acres for native
grasslands.
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The County’s existing FWHCA regulations reference NHP sites within Island
County, depicted on a map dated October 11, 1999. The NHP sites depicted on
that map generally correspond with all NHP sites presently identified in Island
County, and presumably, any discrepancies are a result of the identification of
additional NHP sites since 1999. This information is updated on Map 3.

NHP sites in Island County can be generally categorized into 6 habitat classes,
described below. Unless otherwise noted, descriptions of the vegetation
communities come from Chappell’s Upland Plant Associations of the Puget Trough
Ecoregion, Washington (2006) and Kunze’s Preliminary Classification of Native, Low
Elevation Freshwater Wetland Vegetation in Western Washington (1994).

State rankings of each community are also included. It should be noted that the
vulnerability of State rankings are described by the NHP as follows:

e S1=_Critically Imperiled - At very high risk of extirpation in the state
due to very restricted range, very few populations or occurrences, very
steep declines, severe threats, or other factors.

e S2=Imperiled - At high risk of extirpation in the state due to restricted
range, few populations or occurrences, steep declines, severe threats, or
other factors.

e S3=Vulnerable - At moderate risk of extirpation in the state due to a
fairly restricted range, relatively few populations or occurrences, recent
and widespread declines, threats, or other factors.

e S4 = Apparently Secure - At a fairly low risk of extirpation in the state
due to an extensive range and/or many populations or occurrences,
but with possible cause for some concern as a result of local
recent declines, threats, or other factors.

e S5=Secure - At very low or no risk of extirpation in the state due to a
very extensive range, abundant populations or occurrences, with little to
no concern from declines or threats.

Sphagnum Bogs

Sphagnum bogs tend to occur in depressions where surface water inflow and
outflow are limited. They also occur as pockets as floating mats or islands within
wetlands with mineral soils. Living Sphagnum spp. typically dominate the soil
surface, and can be intermixed with other moss species. Bogs are sensitive to
compaction, changes to hydrology, and changes to water quality (e.g., Grigal and
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Brooks 1997, Hruby 2004). Once altered, recreating bogs is extremely difficult
(Hruby 2004). In Island County, water quality changes and former mining of
peat have resulted in the conversion of some bogs to open water wetlands.
WNHP maps six bogs occurring in Island County, though there are likely more
which have not been documented. (For example, Erickson reports a bog with a
floating mat component occurring at Earth Sanctuary (Steve Erickson, personal
communication, January 24, 2014). The bog that occurs on the Earth Sanctuary
property is not mapped by WNHP data). The bog communities mapped by
WNHP include two different types around Cranberry Lake on the northwestern
corner of Whidbey Island (one Shore Pine/Bog Labrador-tea and Sphagnum
community (S2), and one low elevation sphagnum bog (S2), and four additional
bog community types on the northeastern portion of Whidbey Island. These
bogs are mapped by WNHP as bog Labrador-tea/Bog Laurel and Sphagnum (S3),
Bog Laurel/Bog Labrador-tea and Spaghnum (S3), and two low elevation
sphagnum bogs (S2).

Natural Heritage Program-designated sphagnum bog communities in Island
County include the following.

e Bog Labrador-tea - Bog-laurel / Sphagnum Spp. (S3-Vulnerable)
e Shore Pine / Bog Labrador-tea / Sphagnum Spp. (S2- Imperiled)

Freshwater Wetlands
The County’s freshwater wetlands are addressed in detail in the Best Available

Science for Wetlands of Island County, Washington: Review of Published
Literature (Adamus 2007). Natural Heritage Program-designated wetland
communities in Island County include the following.

e Baltic Rush (S3/S4- Vulnerable/ Apparently Secure)
e Broad-leaf Cattail (S5- Secure)

e Common Marestail (S2- Imperiled)

e Yellow Pond-lily (S4/S5- Apparently Secure/ Secure)
e Douglas' Spirea (S5- Secure)

e Willow Spp. (S3- Vulnerable)

e Buckbean (S4- Apparently Secure)

e Red Alder / Salmonberry / Slough Sedge — Skunk cabbage (S3/54
Vulnerable/ Apparently Secure)
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Estuarine Wetlands
Estuarine wetlands span a range of tidal influence and salinities, and tidal marsh

communities vary depending on the frequency of inundation and salinity
exposure. Many of the historical estuarine wetlands in Island County and Puget
Sound have been lost as a result of shoreline development (McBride and Beamer
2010, Fresh et al. 2011, Schlenger et al. 2011, Simenstad et al. 2011).

Natural Heritage Program-designated estuarine wetland communities in Island
County include the following.

o Pickleweed (S2- Imperiled)

e Pickleweed - Saltgrass - Seaside Arrowgrass - (Fleshy Jaumea) (S2-
Imperiled)

e Saltgrass - (Pickleweed) (S2- Imperiled)

e Sandy, High Salinity, Low Marsh (S2- Imperiled)

e Sandy, Moderate Salinity, Low Marsh (S1- Critically imperiled)

o Silty, Moderate Salinity, Low Marsh (S2- Imperiled)

e Transition Zone Wetland (S1- Critically Imperiled)

Coastal Spit Vegetation
Like estuarine species, coastal vegetation communities are adapted to tolerate

salt-air. Coastal vegetation communities have been affected by shoreline fill and
development. Natural Heritage Program-designated coastal plant communities
in Island County include the following.

¢ American Dunegrass - Japanese Beachpea (S2- Imperiled)

e Bighead Sedge (S1- Critically Imperiled)

Broadleaf Forests
Natural Heritage Program-designated deciduous forest habitats in Island County

include the following.

e Bigleaf Maple - Red Alder / Swordfern - Fringecup Community (S2-
Imperiled)
These sites are typically located on steep slopes, usually adjacent to
saltwater. The vegetation community is adapted to frequent landslides.
This vegetation community, which is naturally limited in its range and
geographical area, has been impacted by development and non-native
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species invasions. The South Camano Island Bigleaf Maple — Red
Alder/Swordfern — Fringecup community encompasses approximately
108 acres, and is documented on Map 3. Protection Standards within this
community are also specifically identified within ICC.17.02a.C.6.

e Oregon White Oak / Common Snowberry / Long-stolon Sedge (S2-
Imperiled)

This vegetation community is associated with dry habitats with nutrient-
rich soils. These sites are likely the result of an increase of native
understory shrubs in oak woodlands, or of oak invasion onto former
prairies in the absence of periodic fires. Because of the occurrence of fires
in the historic landscape, this habitat type may have been rare or absent.
In the absence of fire or active management, Douglas-fir trees tend to
establish and eventually convert the habitat to conifer forest. Few high
guality sites remain in the state, and only one occurs in Island County as
shown on Map 3. The viability of remaining sites is highly threatened by
non-native species, conifer encroachment, and development.

e Red Alder / Swordfern (S4- Apparently secure)

This species assemblage is expected to occur more commonly today
compared to historic conditions, as it is generally associated with
vegetative regeneration following timber harvest. Historically, this
assemblage likely occurred following fires and windthrow disturbances.

Douglas-fir — Pacific Madrone Forests
These sites are rare in Washington State. They typically occur on steep, relatively

dry, sunny slopes adjacent to saltwater shorelines. They are characterized by a
Douglas-fir overstory,

Natural Heritage Program-designated conifer forest habitats in Island County
include the following.

e Douglas-fir - Pacific Madrone / American Purple Vetch (S1/S2 Critically
imperiled/imperiled)

e Douglas-fir - Pacific Madrone / Salal (S2- imperiled)
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Douglas-fir — Western Hemlock Forests
These forests provide nesting and foraging habitat for many of the threatened,

endangered, and sensitive bird species in the County, as well as for numerous
more common bird species.

Douglas-fir tends to dominate the upper canopy layer at these sites, and western
hemlock is co-dominant and dominates tree regeneration. Western redcedar is
sometimes prominent. The shrub layer ranges from sparse to moderately dense.
These sites tend to occur in moderately dry areas. The historical abundance and
connectivity of these systems have been reduced by logging and production of
conifer plantations. Logging and plantation forestry have reduced tree canopy
diversity and the abundance of coarse woody debris. The practices have also
truncated natural successional processes, limiting expression of late-seral
characteristics. Logging and development continue to be threats to the
remaining intact stands. The Douglas-fir - Western Hemlock/Pacific
Rhodendron- Evergreen Huckleberry community is endemic to the Puget
Trough region, and only five known sites support this community. WNHP-
mapped sites of this community are shown on Map 3. Keystone is identified by
Island County’s ordinance as occurring within a WNHP mapped significant
plant community dominated by Douglas fir, western hemlock, and swordfern.

Natural Heritage Program-designated Douglas-fir — Western Hemlock forest
communities in Island County include the following.

e Douglas-fir - Western Hemlock / Dwarf Oregongrape (S1- Critically
imperiled)

e Douglas-fir - Western Hemlock / Evergreen Huckleberry (S2- Imperiled)

e Douglas-fir - Western Hemlock / Oceanspray / Swordfern (S2- Imperiled)

e Douglas-fir - Western Hemlock / Pacific Rhododendron - Evergreen
Huckleberry (S2- Imperiled)

e Douglas-fir - Western Hemlock / Salal (S2- Imperiled)

e Douglas-fir - Western Hemlock / Swordfern (S2- Imperiled)

Douglas-fir Forests
These sites are similar to Douglas-fir ~Western Hemlock communities, except

that little to no western hemlock, western redcedar, or grand fir is present. Only
17 good quality sites remain in Washington. Most sites have been affected by
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logging or development. These sites are characterized by Douglas-fir / Salal —
Oceanspray community, a State imperiled (S2) community.

Prairies and Oak Woodlands
Prairie habitat throughout Western Washington is one of the most imperiled

habitat types, and a number of rare plant species are associated with this habitat
type (Floberg et al, 2004, WDFW, 2005). Formed in glacial outwash soils,
grassland- dominated ’prairies’ (so called by the first European settlers),
scattered with oak trees, were maintained through fire by the native American
tribes prior to European settlement (Boyd, 1999). The Tribes maintained the
prairies with fire management for food production (cultivating a variety of roots,
including camas, chocolate lily, bracken fern, acorns), as well as to maintain the
open grasslands, which in turn provided habitat for deer and other species
(Gibbs, 1877 cited in Boyd, 1999). Five major Skagit villages were known to
occur in the vicinity of modern day Oak Harbor, along Crescent Harbor, and
Penn Cove (White cited in Sheehan, 2007). The open grasslands of the prairies
also supported spectacular wildflower displays noted by the early settlers (Boyd,
1999, Sheehan, 2007). In addition, the open prairies were among the first areas to
be claimed by European settlers as part of the earliest wave of modern
development which began in the 1850’s. Sheehan notes that the earliest land
claim donations coincided with the known prairie areas on Whidbey Island
(Sheehan, 2007). Nearly all of the historic habitat type existed from Central
Whidbey Island (just north of Crockett Lake) north to what is currently the town
of Oak Harbor and Whidbey Island Naval Air Station, to the northwest.

Only about 5 percent of the soils in Island County are made up of prairie soils
(Ness and Richins 1958). Prairie soil types as defined by Ness and Richins
encompass approximately 7,600 acres (Sheehan, 2007). Most prairies and oak
woodlands in Island County were lost as land was converted to other uses,
including agriculture, military operations, and residential and urban
development. Today on Whidbey Island, only small patches of prairies and oak
woodlands persist. Sheehan (2007) documented six small prairie patches with
golden paintbrush and one oak woodland site on Whidbey Island: 1) Naas
(Admiralty Inlet) Natural Area Preserve, 2) West Beach site, 3) NAS Whidbey
Island-Seaplane Base — Forbes Point site, 4) Fort Casey State Park Site, 5) Smith
Prairie, and 6) Grasser’s Hill. These areas are shown on Map 3. There are,
however, additional areas of remnant prairie vegetation within Island County.
For example, the Whidbey Island survey (Sheehan 2007) omitted coastal
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locations, such as Ebey’s Bluff. Additionally, the Grasser’s Hill site, located on a
south-facing slope above Penn Cove, is actually made up of two prairie
remnants, Grasser’s Hill and Schoolhouse Prairie. These two remnants differ in
vegetative composition, soil, ownership(s), and protective status. Schoolhouse
Prairie is designated a critical area due to the presence of a small population of
white-topped aster, a State-listed sensitive species. Grasser’s Hill contains the
only known population of blue flag iris on Whidbey Island and Western
Washington, Oregon, and British Columbia (Steve Erickson, personal
communication, January 24, 2014). This blue flag iris population is partially
within a National Park Service (NPS) Scenic Easement that is enrolled in the
Public Benefit Rating System (PBRS). Protection of the blue flag iris is one of the
conditions this program. A management plan was developed in 2004 by Island
County Public Works, but the implementation status of the management plan is
currently unknown (Island County staff, personal communication). Other rare
prairie species known to occur on Grassers Hill include Roemer’s fescue,
congested snakelily (possibly now extirpated from Island County), and chocolate
lily (Sheehan 2007). White top aster was documented as occurring at the
Schoolhouse prairie site in 2002, in the general vicinity of Grasser’s Hill (Joe
Arnett, personal communication, January 6, 2014). Due in part to the presence of
extant prairie species, Grasser’s Hill also contains potential habitat for the
federally endangered Taylor’s Checkerspot (Sheehan 2007).

A portion of Smith Prairie was formerly a Department of Fish and Wildlife Game
Farm facility, and is designated by Island County as a Habitat of Local
Importance. The former Game Farm is now under ownership of the Au Sable
Institute, and portions of the prairie are now being restored. As a result of
prairie conservation projects over the last decade, golden paintbrush was
introduced and is now present in the former Game Farm. Smith Prairie, located
within Ebey’s Landing National Historical Preserve, now contains the federally
and State threatened golden paintbrush, and potential habitat for the federally
endangered Taylor’s Checkerspot.

Soil composition in former prairies ranged from high to low productivity and
some coastal sites also received salts from sea spray (Lawrence and Kaye 2006).
According to historic records, prairies on highly productive soils were
characterized by camas, bracken fern, nettle and strawberries. Prairies with less
productive soils contained bracken fern and a variety of wildflowers, including
camas, lupines, wild onion, paintbrush, and goldenrod (Sheehan 2007).
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Natural Heritage Program-designated prairie habitats are shown on Map 3 in
Island County and include the following.

e Red Fescue - Great Camas - Oregon Gumweed (S1- Critically imperiled)
(coastal)

¢ Red Fescue - Silver Burweed (S1- Critically imperiled) (coastal)

¢ Roemer's Fescue - Field Chickweed - Prairie Junegrass (S1- Critically
imperiled)

3.7.2 NHP Plant Sites

3.8

NHP-designated plants sites are identified in Island County for several species
noted in Section 2.1, including golden paintbrush (2 sites), white-top aster (1
site), and white meconella (1 site). In addition to these species, one NHP site is
identified in Island County for each of the following plants: true babystars (SU-
unrankable due to lack of information or substantially conflicting information
about status or trends), niebla lichen (S1- critically imperiled), and flavoparmelia
lichen (SNR- unranked). NHP-designated plant sites are shown on Map 3.

Marine Shorelines of Significance

Direct effects to marine shorelines will be managed by the County’s SMP. The
SMP applies to all areas within 200 feet of marine shorelines and areas of tidal
influence, including associated wetlands. Designated Habitats of Local
Importance within the Marine Shoreline include Crockett Lake, Deer Lagoon,
Cultus Bay Flats, Penn Cove, and Useless Bay, which are discussed in greater
detail above.

WDFW provided the map sets above. The map on the left shows Marine
Shoreline Habitat Assessments using Volume 2 of the Puget Sound
Characterization. The different background layers in the waters surrounding
Island County denote varying oceanographic sub-basins. The dark blue is the
oceanographic sub-basin surrounding Camano Island and the mainland, the grey
is the oceanographic sub-region surrounding the west side of Whidbey Island
and the Olympics Peninsula, while the turquoise oceanographic sub-basin
comprises the San Juan Island shorelines. The effect of this is that shorelines
within each of these sub-basins are compared to each other, so the relative
importance (as denoted by the green, yellow, red, meaning high to low value), is
as compared to other shoreline segments within that oceanographic sub-basin.
Shoreforms and shore zones are broken out by geomorphic structure within each
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sub-basin (e.g., beach, bluff, cove, the type of bluff, the type of vegetation). The
darkest green color indicates shorelines with the highest species richness
(according to the available data), while the red indicates the lowest species
richness, within each oceanographic sub-basin. There are some known data gaps
(for example, juvenile salmonid use of the shoreline was not considered).
However, species data for 41 species is considered in the model, and is described
in Appendix D of Volume 2 of the Puget Sound Watershed Characterization
Habitat Assessment Models.

marine shoreline some PHS data
habitats assessment

— R -.

Figure 3. Marine Shoreline Habitat Assessments

The map on the right shows existing designated Habitats of Local Importance,
circled in red and white, and areas of significant habitat use in the marine
shoreline circled in light green (Dugualla Bay is documented as a concentrated
shorebird use area, while WDFW noted that Crescent Harbor is documented
habitat used by harlequin duck, as also shown in Map 2). Whidbey Audubon
notes that Crescent Harbor is significant for its use by Black Oystercatchers and
Northern Harriers (Sarah Schmidt, personal communication, January 24, 2014).

An expanded discussion of the results of the marine shoreline habitat assessment
is beyond the scope of this analysis (because they are all in shoreline jurisdiction
under the County’s proposed SMP). However, what this map set illustrates is
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that there are significant areas of habitat within the marine shoreline that rank
more highly than those currently designated as Habitats of Local Importance.
Further, many of the existing designated Habitats of Local Importance coincide
with both wetland and marine shoreline areas. It is unclear what additional
protection status is afforded to existing designated Habitats of Local Importance
by the current ordinance that would not otherwise be provided either by existing
wetland regulations or proposed shoreline regulations.

The County should consider revising its Habitats of Local Importance
designation process as part of its policy updates in the 2016 Comprehensive Plan,
Natural Lands Element. Designation of Habitats of Local Importance should be
based on consideration of existing habitats and species, and the functions
provided by those habitats and species, and should include consideration of the
relative value of habitats as determined by existing models and local data.
Protection standards based on the needs of the habitats and species in question
can then be developed for each area. The County may choose to identify and
designate Habitats of Local Importance that are also otherwise protected, but the
rationale for these designations should be transparent.

Approximate locations of shellfish beds and beaches, kelp and eelgrass beds, and
documented forage fish spawning areas, all of which are designated as Fish and
Wildlife Habitat Conservation Areas, and which occur within or adjacent to the
County’s marine shorelines are shown on Map 2. The FWHCA regulations will
be important in managing potential indirect effects on these areas from land use
actions or changes outside of shoreline jurisdiction. Potential indirect effects of
actions outside of shoreline jurisdiction include changes in transport of sediment,
large wood, and organic material or changes that affect water quality.

Forage fish spawning areas
Forage fish are central to the marine food web of the Puget Sound. Forage fish

spawning in the nearshore areas of Island County include Pacific herring, surf
smelt, and Pacific sand lance.

Herring predominantly spawn in shallow subtidal waters on eelgrass, as well as
on kelp and other available surfaces. Herring near Island County’s shorelines
typically spawn between January and April (Bargmann 1998, Penttila 2007).
Herring spawning in Island County is concentrated in Skagit Bay at the
northwest end of Whidbey Island, in Holmes Harbor, and on the eastern
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shoreline of Camano Island (Penttila 2007). Factors such as water temperature
and river discharge can affect spawning success.

Both Pacific sand lance and surf smelt spawn during high tides on in the upper
intertidal zone. Both species require a beach area and sand and gravel substrate
suitable for spawning (Penttila 2007). Surf smelt and sand lance eggs adhere to
sediment, and require wave action to disperse and cover the eggs with a fine
layer of substrate (Parks et al. 2013). Spawning of Pacific sand lance is
concentrated between November and February (Bargmann 1998), whereas surf
smelt spawning occurs year-round in Island County (Penttila 2007). Unlike
herring, the mapped spawning sites of sand lance and surf smelt are distributed
fairly evenly all across the lower energy shorelines of Island County, and there is
no obvious separation of spawning stocks or aggregations (Penttila 2007).
Spawning areas are concentrated on the east side of Whidbey Island, and around
Camano Island in lower energy environments, although some spawning does
occur in bays and in some beaches on the west side (Robin Clark, personal
communication, January 24, 2014).

Commercial and recreational shellfish beds
Shellfish Growing Areas in Island County include Holmes Harbor, Penn Cove,

Port Partridge, Port Susan, Possession Sound, Saratoga Pass, South Skagit Bay,
and Southwest Whidbey Island. Of the 56 public beaches in Island County, 17
were closed due to pollutants, and 17 had a harvest advisory in 2013 (WDH,
electronic reference). Shellfish growth can be affected by fine sediment loads and
salinity. Pathogens and toxic algal blooms are related to water quality from
upland uses, and they can present health hazards from shellfish consumption
(Anderson et al. 2002).

Kelp and eelgrass beds
Kelp and eelgrass beds provide habitat for invertebrates and diverse fish

assemblages, including juvenile and subadult salmonids (e.g., Hosack et al. 2006,
Hayes et al. 2011). Kelp and eelgrass beds also entrain sediment and detritus,
and are a major organic carbon source in nearshore areas (Miller et al. 1980,
Steneck et al. 2002). Kelp requires high ambient light, hard substrate, minimum
turbidity during settlement, and fairly low marine water temperatures and
moderate to high salinities (Mumford 2007). Eelgrass beds similarly require high
ambient light and water clarity, although they require soft substrate for
establishment (Mumford 2007). On the northwest side of Island County, the
State’s Smith and Minor Island Aquatic Reserve, contains both the largest bull
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kelp (Nereocystis spp.) bed in the state, and one of the highest diversity of algal
communities in Puget Sound. This area has been surveyed annually by Dr.
Robert Waaland, and is known to as a “hot spot” of algal diversity. Additionally,
various species of kelp are known to be harvested for food in this location under
WDFW seaweed harvesting licenses. (Lowell Dickson, DNR, personal
communication, January 23, 2014).

Additional floating kelp beds at Possession Point, Scatchet Head and Double
Bluff in Admiralty Inlet are extensive. Washington DNR has just completed our
draft Marine Vegetation Atlas
http://www.dnr.wa.gov/ResearchScience/Topics/AquaticHabitats/Pages/aqr_nrs
hr_mva.aspx with historic kelp documentation from 9 different studies
representing time frames from the 1800’s to present. This data is not yet
available as a data download, but DNR may be contacted to provide the most
recent data. (Lowell Dickson, DNR, personal communication, January 23, 2014).
Agquatic reserve mapping, including the kelp beds around the Smith and Minor
Island, are included on Map 1.

As a result of the high biological diversity, important biological and
physiochemical processes, and vulnerable habitats and species, this area was the
top ranked site in the East Strait of Juan de Fuca region identified in DNR’s
Priority Marine Sites for Conservation in the Puget Sound (WDNR 2010).

Pocket estuaries
Although not specifically identified as a habitat of local importance, pocket

estuaries, small estuarine habitats typical of Island County estuaries, provide a
significant habitat for federally threatened salmonids and non-listed anadromous
salmonids. Per WAC 365-190-080, counties and cities must give special
consideration to conservation or protection measures necessary to preserve or
enhance anadromous fisheries. The location of Island County at the junction of
Puget Sound, the Strait of Juan de Fuca, and Georgia Strait, means that most
Puget Sound juvenile and adult salmon and trout populations use or pass
through the marine waters surround Island County (SRP 2005).

Non-natal salmonid use of pocket estuaries on Whidbey Island has been
identified as an important factor contributing to salmonid production and
population resilience (Beamer et al. 2005). Salmonid fry migrants preferentially
use pocket estuary habitats compared to adjacent nearshore habitats, and this is
particularly true for federally threatened juvenile Chinook salmon early in the
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spring outmigratory period (Beamer et al. 2003, Beamer et al. 2006a). Salmonids
are believed to benefit from estuarine rearing through refuge from predation and
an abundant source of invertebrate prey (Beamer et al. 2003). Salmonid use of
the following currently accessible pocket estuaries in Island County have been
studied and confirmed and are shown on Map 6.

e Grasser's Lagoon, Whidbey Island (Beamer et al 2006a)
o Elger Bay, Camano Island (Beamer et al. 2006a, Kagley et al. 2007)

¢ Arrowhead Lagoon, Camano Island (Beamer et al. 2006a)
e Triangle Cove, Camano Island (Beamer et al. 2006a)

e Ala Spit, Whidbey Island (Beamer 2007)

e Harrington Lagoon, Whidbey Island (Beamer et al. 2006b)
¢ Race Lagoon, Whidbey Island (Henderson et al. 2007)

For the above listed sites, salmonid densities were generally higher within the
pocket estuaries than at adjacent nearshore sites; however, sampling in Dugualla
Heights Lagoon, a pocket estuary separated from Puget Sound by a 30-inch-
wide, 280-foot-long concrete culvert, did not capture any juvenile salmonids
even though juvenile salmon were captured in the adjacent nearshore area
(Beamer et al. 2012). At this site, the culvert appears to be a barrier to juvenile
salmonids that prevents access to suitable rearing habitat.

Pocket estuaries in Island County also support diverse fish species other than
salmon, including forage fish, shiner perch, threespine stickleback, staghorn
sculpin, starry flounder, and arrow goby (Beamer et al. 2007, Henderson et al.
2007, Kagley et al. 2007). The majority of historical pocket estuary habitat in
Island County and North Puget Sound has been lost McBride and Beamer 2010,
Fresh et al. 2011, Schlenger et al. 2011, Simenstad et al. 2011), either as a result of
direct filling, or draining or construction of dikes or tide gates that eliminate limit
or eliminate tidal connectivity (WSCC 2000). Conservation of habitat quality and
connectivity of these remaining habitats is of particular importance. In 2001, an
estuarine restoration plan was prepared for Island County Public Works (Fischer
and Harper 2001). The plan identified recommendations for preliminary actions
and necessary studies for 17 estuaries in Island County, twelve on Whidbey
Island, and five on Camano Island. In addition to all of the pocket estuaries
identified above, sites included Crescent Harbor, Swantown Lake, Kennedy
Lagoon, Crockett Lake, Lake Hancock, Deer Lagoon, Maxwelton Estuary, and
Cultus Bay on Whidbey Island, and Livingston Bay on Camano Island (Fischer
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and Harper 2001). Beamer et al. (2005) also identified pocket estuaries within the
Whidbey Basin (Camano Island and east side of Whidbey Island). Many of these
pocket estuaries are inaccessible to fish, and these areas represent potential
restoration opportunities (Beamer et al. 2005, Figure 1).

Predicted, verfied |

Present, not predicted |\
Predicted, not verified [
naccessible

stuaries in the Whidbey Basin identified by a model in
Beamer et al. 2005. Of the validated sample, 68% of the historically present
pocket estuaries (58 sites) are no longer accessible for fish. From Beamer et
al. 2005.
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LANDSCAPE PROCESSES AND
POTENTIAL EFFECTS OF DEVELOPMENT

4.1
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The following discussion focuses mainly on impacts associated with residential
development and public roads because of their predominance in Island County
and because those are the impacts most relevant to critical areas regulations in
the County.

Water Flow Processes

Water flow processes are defined by the delivery, movement, and loss of water
within a watershed. Water flow processes are central to shaping aquatic habitat
functions. These processes are shaped by precipitation, infiltration, floodplain
and groundwater storage and transport, surface runoff, and instream flow. Itis
important to recognize how local habitat functions are influenced by physical
form (structure), which is controlled by landscape-scale processes. For example,
flow regimes can affect channel form (e.g., bank and bed erosion) which in turn
influences how habitats are used by fish and wildlife. An understanding of how
water flow processes affect fish and wildlife functions and how human
alterations to the landscape affect water flow processes will allow a more
complete understanding of the causes behind altered or degraded habitat form
and functions, as well as possible approaches to addressing degraded functions
effectively.

Hydrologic source areas occur where runoff converges and groundwater rises to
form surface water drainageways (Qiu 2003, 2009). These source areas are
particularly significant in controlling downstream hydrology, sediment
transport, and ecological functions. These small stream channels typically
represent the most stream miles in the watershed, and as a result of their low
volume, they have more channel edge compared to larger streams (FEMAT 1993,
Knutson and Naef 1997). Disturbance of these headwater source areas may have
disproportionate effects on water flow processes throughout a watershed. In
Island County, many of these hydrologic source areas have already been altered,
and may occur across the landscape as intermittent agricultural ditches, drainage
swales through developed properties, or degraded wetlands.

Freshwater flow regimes can influence estuarine communities by altering the
influx of freshwater and corresponding salinities, particularly in small estuarine
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channels (Buzzelli et al. 2007). Tidal wetlands that are fed by freshwater seeps or
streams provide localized freshwater input and support species that include
native shellfish and shorebirds (Schlenger et al. 2011). Freshwater seeps along
Puget Sound beaches also maintain cooler substrate temperatures that support
successful incubation of forage fish embryos (Penttila 2001). Many sedentary or
sessile estuarine species are adapted to a range of salinities, and may not tolerate
frequent pulses in freshwater (Chew and Ma 1987 in Dethier 2006). Therefore,
alterations to natural flow regimes may alter the size, location, and/or
composition of estuarine species assemblages.

Land cover has a significant effect on water flow through the watershed.

Current land cover trends in the Puget Sound region are correlated with
increased high flows, increased variability in daily streamflow, reduced
groundwater recharge, and reduced summer low flow conditions (Burges et al.
1998, Jones 2000, Konrad and Booth 2005, Cuo et al. 2009). Changes in hydrology
related to development are generally associated with soil compaction, draining,
and ditching across the landscape, increased impervious surface cover, and
decreased forest cover (Booth and Jackson 1997, Moore and Wondzell 2005).
Together, these changes reduce infiltration, evapotranspiration, and
groundwater storage, and they increase surface flows.

Hydrologic changes from development are expected to be most significant in
small- to intermediate-sized streams with naturally low seasonal and storm flow
variability (Konrad and Booth 2005), which are characteristic of most stream
systems in Island County. A model of potential development scenarios for
Crescent Creek on Whidbey Island concluded that an increase in impervious
surfaces from 7.5 to 11.25 percent would increase average peak flows by an
average of 10 percent (Mickelson 2009). This study exemplifies how an increase
in development, even at relatively low densities, along a small drainage can
disproportionately affect water flow processes. In addition to effects on streams,
development at the top of bluffs can accelerate natural bluff erosion by saturating
soils (Shipman 2001, 2004). Potential effects of this change are addressed further
in Section 5.

In Island County, the effects of development on groundwater and surface water
are a particular concern. Approximately 72 percent of the County’s residents
rely on wells for water supply, and groundwater is recharged by infiltration of
precipitation (Island County 2005). In addition to direct groundwater
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withdrawal, development can reduce groundwater by reducing infiltration and
accelerating the transport of water downstream. Where streamflows are
influenced by groundwater, a lowering in groundwater levels may lower or dry
out streams or result in warmer stream flows (See section 4.6 for discussion of
Stream Temperatures). Alternatively, ditch and drainage structures commonly
associated with agriculture and roads accelerate drainage and limit infiltration,
reducing groundwater storage. The impacts on streamflow from shallow wells
have not been quantified. Where groundwater is depleted along the shoreline,
there is the potential for saltwater intrusion to occur (Island County 2005).
Future sea level rise may exacerbate potential saltwater intrusion. In addition to
implications to access to drinking water supplies, high salinity groundwater
could affect existing freshwater and estuarine habitats.

The altered hydrology that is associated with development alters the geomorphic
condition of streams, as well as sediment and pollutant transport (Arnold and
Gibbons 1996, Booth and Jackson 1997, Booth and Henshaw 2001). Konrad et al.
(2005) suggest that streams in urbanized watersheds may lack the longer
duration high flows necessary to maintain stable channel conditions because
development tends to result in shorter duration and more frequent high flow
conditions. Changes in a stream’s hydrograph associated with increased
impervious surface coverage and decreased forest cover have been linked to
decreased bank stability and increased erosion (May et al. 1997, Booth et al.
2002). In King County, Washington, stream instability was noted in watersheds
with both rural (approximately 4 percent impervious surface coverage) and
urban (over 10 percent effective impervious surface coverage) development
densities, and the extent of instability was dependent on the percentage of forest
cover retained (Booth et al. 2002, Figure 1). Based on the findings of Booth et al
(2002), in rural areas where less than 60 percent of forest cover is retained,
unstable channels may occur, and if forest retention is less than 40 percent,
unstable channels are expected to occur (Booth et al., Figure 1). This finding is
significant for Island County, where approximately 93 percent of the County is
zoned for rural residential uses (SRP 2005). Recent forest conversions rates in the
County were significantly higher than nearby watersheds (Shattuck and Marks
2009). Rural residential development at a density of 1 dwelling unit per 2.5 acres
is expected to have an effective impervious surface area of 4 percent (Dinicola
1989 in Booth et al. 2002). Therefore, zoning densities in Island County, which
predominantly have maximum densities of 1 dwelling unit per 5 acres, may help
minimize effects on water flow processes resulting from impervious surface area.
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However, even in these rural areas, the rate of forest loss in Island County is a
concern because at a forest conversion rate of 0.15 percent per year, the
proportion of forest conversions relative to existing forest area in Island County
(WRIA 6) was approximately three times higher than in WRIA 5 (Stillaguamish),
and two times higher than in WIRA 7 (Snohomish) in the years from 2005 to 2008
(Shattuck and Marks 2009).

CHANNEL STABILITY AND FOREST RETENTION IN RURAL-
ZONED BASINS

100%
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Figure 5. Generalized diagram showing the relationship between impervious surface
area, forest cover, and channel stability in rural basins (from Booth et al.
2002).

Increased erosion and bank instability associated with development and
reduction of forest cover often simplifies stream morphology, leading to incised,
wider, straighter stream channels (Arnold and Gibbons 1996, Booth and Jackson
1997, Booth 1998, Konrad et al 2005). In turn, simplified stream channels,
including ditched channels, accelerate water transport and reduce temporary
instream flood storage capacity (Kaufmann and Faustini 2012), thereby
exacerbating flooding downstream and reducing infiltration potential. Once
physical drainages are manifested, a stream may not regain its channel form
even after the runoff has been reduced (Montgomery and Dietrich 1992).
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As noted above, watershed land cover characteristics have a significant effect on
water flow processes. Whereas watershed-scale conditions are clearly significant
for determining flow conditions, investigations of the role of hydrologic source
areas and development alternatives that help maintain natural hydrologic
conditions reveal some opportunities for more site-specific management of water
flow processes. Protection of the headwaters of streams and wetlands may be
one of the most effective means of protecting hydrologic processes, as well as
water quality conditions. Qiu et al. (2003, 2009) and Tomer et al. (2009) modeled
the effects of protecting these hydrologic source areas related to water quality.
Because increased surface water flows are responsible for the increased transport
of pollutants, they found that buffers were most effective in maintaining water
guality conditions in watersheds where these hydrologic source areas were
protected in riparian buffers.

The implementation of low impact development (LID) approaches, including
clustered development, pervious pavement, bioretention swales, and vegetation
retention, can significantly limit the effects of development on hydrologic
regime. An 8.27-acre LID case study in South Puget Sound produced surface and
shallow sub-surface runoff rates consistent with average runoff under forested
conditions (Hinman 2009). To the extent that these sorts of projects are
implemented in a watershed, effects of development on water flow processes
may be minimized.

Water Quality

When development results in reduced infiltration and increased surface flows,
sediment and contaminants are transported more directly to receiving bodies,
avoiding natural soil filtration processes. The water quality factors specifically
addressed in the Puget Sound Watershed Characterization (Stanley et al. 2012)
include fine sediment, metals, pathogens, and nutrients. Although not
specifically addressed in the Watershed Characterization, artificially-fabricated
chemicals, including pesticides, herbicides, and pharmaceuticals also have the
potential to significantly degrade aquatic resources and habitats. Each of these
factors will be addressed in the following sections.

Island County has had a comprehensive Water Quality Monitoring Program in
place since 2006. The goal of the monitoring program is to ensure that Island
County’s valuable resources such as swim beaches, shellfish beds, and
anadromous fish streams and nearshore habitats are protected from degradation
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caused by water pollution (Island County Surface Water Monitoring Program,
2007 — 2011, Island County Environmental Health, in preparation, 2013).

Monitoring during 2007 — 2011 was organized into three categories — Baseline
Monitoring (within 24 watersheds, 12 on Whidbey Island and 12 on Camano
Island), Reconnaissance monitoring (43 sites to determine areas of future focus),
and Source Identification monitoring (10 watersheds out of which two, South
Holmes Harbor and Rocky Point on Camano Island continue additional
monitoring). Water Quality Monitoring results for fecal coliform, nitrates, and
phosphates are discussed by section below.

Sediment

Sediment input to streams is supplied by bank erosion, landslides, and upland
erosion processes. Excess inputs of fine sediments into a stream channel reduce
habitat quality for fish, amphibians, and macroinvertebrates. Fine sediment
adversely affects stream habitat by filling pools, embedding gravels, reducing
gravel permeability and increasing turbidity. In salmon-bearing streams, fine
sediment fills interstitial spaces in redds, reducing the flow of oxygenated water
to developing embryos and reducing egg-to-fry survival (Jensen et al. 2009).
Higher levels of fine sediment are also correlated with lower salmonid growth
rates (Suttle et al. 2004). Highly turbid water can impair fertilization success in
spawning salmonids (Galbraith et al. 2006) and interfere with the respiration and
reproduction amphibians (Knutson et al. 2004). When excess fine sediment is
transported to estuarine areas, it can smother filter feeders, including native
clams and other macroinvertebrates, and fine sediment may impair larval
settlement of macroinvertebrates (Dethier 2006). High turbidity resulting from
upland runoff can limit light levels necessary for growth and survival of eelgrass
and kelp (Mumford 2007). Sedimentation can also prevent kelp spores from
attaching to shoreline substrate needed for establishment (Schiel et al. 2006).
Other contaminants, including heavy metals and phosphorus, readily bind to
suspended clay particles, and these contaminants are often transported with fine
sediment in stormwater.

Upland clearing and grading can result in long-term increases in fine sediment
inputs to streams (Gomi et al. 2005, Jackson et al. 2007). Additionally, as noted in
Section 3.1, because of the increased channelization of surface water flows in
more urbanized areas, conversions of undisturbed vegetated lands to urban
areas resulted in a disproportionate amount of sediment and contaminants to
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receiving waters relative to the percentage of urbanized area within the
watershed (Sorrano et al. 1996). Another watershed-scale model found that
agricultural land use generated the greatest influx of sediment, followed by
urban land use (Allan et al. 1997). In Island County, agriculture may contribute
to fine sediment loading through regular soil-disturbing activities (e.g., tilling).
No research was identified on the effects of periodic dredging of agricultural
channels on sediment transport; however, dredging may reduce the total fine
sediment loading, but may also result in a pulse of mobilized fine sediment to
downstream habitats.

Vegetated riparian zones are common management tools to help stabilize stream
banks and slow and filter overland flow, and temporarily store sediment that is
gradually released to a stream. Sediment filtration is also high within
intermittent and ephemeral streams, presumably because of the high interface
with vegetative structures and the flux in water surface elevation, which allows
for sediment storage along the streambanks (Dietrich and Anderson 1998).
Where small channels have been ditched or channelized to accelerate drainage,
the residence time within these small channels may be reduced, limiting
potential sediment retention. To the extent that these channels incorporate inset
floodplains, sediment retention may be higher.

Numerous studies have investigated the effectiveness of varying widths of
buffers at filtering sediment. These studies have typically found high sediment
filtration rates in relatively narrow buffer areas (Sheridan et al. 1999, Wenger
1999, Parkyn 2004, Yuan et al. 2009). For example, a field plot experimental
study of vegetated filter strip effectiveness found sediment retention of 68
percent in a 2-meter-wide filter strip, and 98 percent in a 15-meter-wide filter
strip (Abu-Zreigh et al. 2004). The same study did not find a significant
improvement in sediment retention beyond 15 meters.

It is significant to note, however, that field plot experiments tend to have much
shorter field lengths (hillslope length contributing to drainage) than would be
encountered in real-world scenarios (i.e., ~5:1 ratio of field length to riparian
width for a field plot compared to 70:1 ratio in NRCS guidelines). Since water
velocities tend to increase with field length, field plot experiments may suggest
better filtration than would be encountered under real-world conditions.
Additionally, field-scale experiments generally do not account for flow
convergence, which reduces sediment retention (Helmers et al. 2005) or for



The Watershed Company and Parametrix
January 31, 2014

stormwater components that bypass filter strips through ditches, stormwater
infrastructure, and roads (Verstraeten et al. 2006). Therefore, the effectiveness of
filter strips at filtering sediment under real-world conditions and at the
catchment scale is likely to be lower than what is reported in field plot
experiments.

Additionally, many studies on sediment retention in riparian zones consider
sediment retention from one storm event, rather than accounting for sediment
accumulation over time. Two studies used Cesium-137 to track the location of
sediment deposition over many years. One of these studies considered the
distance that sediment traveled across a riparian forest adjacent to cropland with
sandy loam soils and a mean hillslope of 2-5% (Lowrance et al. 1988 in Wenger
1999). The greatest amount of sediment was deposited 30 m (98 ft) into the forest
and the strongest signal of Cs-137, which has a high affinity for fine clay
particles, was found 80 m (262 ft) into the forest). Therefore, fine sediments can
become transported through riparian areas for long distances. The other study
found that over 50% of sediment was transported over 100 m (328 ft) into the
riparian zone, over hillslopes ranging from 0 % to 20% (Cooper et al. 1988 in
Wenger 1999). Together these studies suggest that riparian zones from 30-100 m
(98-328 ft) or more may be necessary to provide long-term sediment retention,
and that studies of short-term sediment retention underestimate the riparian
zone width needed for ongoing sediment filtration.

In addition to width, the slope, vegetation density, and sediment composition of
a riparian area have significant bearing on sediment filtration potential (Jin and
Romkens 2001). A recent model of sediment retention in riparian zones found
that a grass riparian zone as small as 4 m (13 ft) could trap up to 100% of
sediment under specific conditions (2% hillslope over fine sandy loam soil),
whereas a 30 m (98 ft) grass riparian zone would retain less than 30% of sediment
over silty clay loam soil on a 10% hillslope (Dosskey et al. 2008, Figure 4). This
study exemplifies the effects that soil type and hillslope have on sediment
retention.
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Figure 6. Sediment trapping efficiency related to soil type, slope, and buffer width.
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(Figure from Dosskey et al. 2008).

Multiple studies have found that larger particles tend to settle out within the first
3-6 m (10-20 ft) of the riparian zone, but finer particles that tend to degrade
instream habitat, such as silt and clay, need a larger riparian zone, ranging from
15-120 m (49-394 ft), for significant retention (reviewed in Parkyn 2004). Lee et
al. (2003) found higher sediment retention rates (92% and 97% respectively) in a
7 m (23 ft)grass riparian zone and a 16 m (52 ft) grass/forested riparian zone

(5% slope, fine clay loam soil) than would be predicted by the Dosskey et al.
study. However, the concentration of fine particles was greater leaving the
riparian zone than entering it, indicating that larger particles settled out, while
fine particles passed through the riparian zone (Lee et al. 2003).

Vegetative composition within the buffer also affects sediment retention.
Vegetation tends to become more effective at sediment and nutrient filtration
several years after establishment (Dosskey et al. 2007). Dosskey et al. (2007) did
not find a significant difference between the filtration effectiveness of established
grass and forested buffers. However, a meta-analysis of 81 buffer studies
indicated that all-grass and all-forest buffers tend to more effectively filter
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sediment compared to buffers with a mix of grass and forested vegetation
(Zhang et al. 2010). Additionally, whereas thin-stemmed grasses may become
overwhelmed by overland flow, dense, rigid-stemmed vegetation provides
improved sediment filtration that is expected to continue to function better over
successive storm events (Blanco-Canqui et al. 2004, Yuan et al. 2009).

Metals, Pathogens, and Synthetic Contaminants
Heavy metals, bacterial pathogens, as well as PCBs, hydrocarbons and
endocrine-disrupting chemicals are aquatic contaminants that are commonly
associated with urban and agricultural land uses. The following sections
summarize our understanding of the effects of metals, pathogens, and other
chemical contaminants and how we might manage those effects for fish and
wildlife.

The full suite of sublethal and indirect effects of these contaminants and
combinations of contaminants on aquatic organisms is not fully understood
(Fleeger et al. 2003). Some contaminants with potentially severe repercussions
for fish and wildlife have yet to be identified. For example, recent research in the
Puget Sound region has identified mature coho salmon that return to creeks and
die prior to spawning, a condition called pre-spawn mortality (Feist et al. 2011,
Sholz et al. 2011). The specific cause of the condition has not yet been identified,;
however, the condition is linked to urbanized watersheds and is positively
correlated with the relative proportion of roads, impervious surfaces, and
commercial land cover within a basin (Feist et al. 2011). A model of the effects of
pre-spawn mortality on coho salmon populations indicates that, depending on
future rates of urbanization, localized extinction of coho salmon populations
could occur within a matter of years to decades (Spromberg and Scholz 2001).
This finding emphasizes the significance of efforts to address both point-source
and non-point-sources of contaminants in the landscape.

Metals
Although all metals can be toxic at high concentrations, cadmium, mercury,

copper, zinc, and lead are particularly toxic even at low concentrations. Chronic
and acute exposure to heavy metals have been found to impair, injure, and kill to
aquatic plants, invertebrates, fish, particularly salmonids, and seabirds
(Alexander 1991, Grant and Ross 2002, ESV Environment Consultants 2003,
Burgess and Hobson 2006, Dethier 2006, Hecht et al. 2007, Burgess and Meyer
2008, Mclintyre et al. 2008). Mercury levels bioaccumulate, resulting in higher
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tissue concentrations and potential effects on species at higher trophic levels
(Burgess and Hobson 2006, Burgess and Meyer 2008). A review of contaminant
effects on aquatic organisms summarized the factors affecting the toxicity of
metals as follows:

e Duration and concentration of exposure
e The form of the metal at the time of exposure

e Synergistic, additive or antagonistic interactions of co-occurring
contaminants

e Species sensitivity
e Life stage
e Physiological ability to detoxify and/or excrete the metal and,

e The condition of the exposed organism (ESV Environment Consultants
2003).

Metals are typically transported to the aquatic environment through fossil fuel
combustion, industrial emissions, municipal wastewater discharge, and surface
runoff (ESV Environment Consultants 2003). Management considerations to
limit the transport of metals to aquatic areas include low impact development
(LID), municipal stormwater treatment, and keeping roads and other pollutant
sources away from watercourses.

Pathogens
Waterborne pathogens associated with human and animal wastes are a primary

concern for commercial and recreational shellfish harvests and shellfish
consumption in the Puget Sound. Although pathogens include a suite of bacteria
and viruses, fecal coliform bacteria is typically used as an indicator of the
presence of these pathogens. Fecal pollution tends to be positively correlated
with human population densities and impervious surface coverage (Glasoe and
Christy 2004). The main sources of fecal pollutants include municipal sewage
systems, on-site sewage systems, stormwater runoff, marinas and boaters, farm
animals, pets, and wildlife (Glasoe and Christy 2004). Although not necessarily
representative of Island County, a study in Australia found that concentrations
of E. coli bacteria in streams was predicted by the density and proximity of septic
systems relative to natural drainages (Walsh and Kunapo 2009). This finding is
relevant to Island County, where approximately 72 percent of residents use on-
site septic systems (Island County, electronic reference). As municipal
wastewater systems have improved treatment quality and capacity in recent
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years, increasingly, non-point source (septic systems, stormwater, and pets)
pollution is responsible for shellfish closures in Puget Sound (Glasoe and Christy
2004, Dethier 2006). As a result, recommendations for reducing bacterial loads
include sewage management, surface water management, public education, and
better handling of marina and boater wastes (Glasoe and Christy 2004).

Island County’s Water Quality Monitoring Program collected baseline data on
nitrates, phosphates, and fecal coliform bacteria for 2007 through 2011. The
results are shown in Map 8. The map also shows the location of shellfish beds,
streams, and kelp and eelgrass beds within the marine nearshore.

Map 8 shows the results for fecal coliform monitoring from 2007 to 2011.
Generally, natural areas met fecal coliform water quality standards, while those
standards were exceeded in both agricultural and developed areas. Thirteen of
the twenty-two monitored watersheds exceeded fecal coliform standards during
three or more of the five year monitoring period (Island County Public Health,
2013). Ebey’s Landing had the highest level of degradation due to fecal coliform.
While Rocky Point exceeded standards, work by the Water Quality Point Source
identification program funded by a Department of Ecology grant resulted in
identification of the problem, and through outreach by the Water Quality
program, a significant reduction in fecal loading within this watershed has
occurred since 2007 and 2008 source identification sampling.

Based on results from 2007 to 2011, the Island County Water Quality Monitoring
Program is in the process of building on this data, and refining future monitoring
efforts. Fourteen priority watersheds have been identified on which to focus
future monitoring efforts. The focus of these watersheds is a combination of the
presence of valuable natural resources, such as salmon streams, shellfish beds, or
swim beaches, in combination with fecal coliform exceedances. In addition, the
Water Quality Program continues grant funded projects related to improving
water quality and human health in Maxwelton Creek, a salmon-bearing stream
that currently drains to the nearshore with a shellfish bed currently closed to
harvest. Additional focused source tracking work is scheduled to occur in South
Holmes Harbor and Cultus Bay. (Island County Environmental Health, in
preparation, 2013).

Herbicides and Pesticides
Commonly used herbicides and pesticides may also affect aquatic communities,

and the acute and chronic effects of these chemicals or combinations of chemicals
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are not always well understood. Additionally, effects documented in the
laboratory may differ significantly from effects identified in a field setting
(Relyea 2005, Thompson et al. 2004). Despite our limited understanding, the
effects of these chemicals may be long-lasting, as has been observed for legacy
pesticides such as polychlorinated biphenyls (PCBs) and polycyclic aromatic
hydrocarbons (PAHS) in salmon, seabirds, and marine mammals in the Puget
Sound (Calambokidis et al. 1984, O’Neill et al. 1998, Ross et al. 2000, Grant and
Ross 2002).

Herbicides and pesticides may reach aquatic systems through a number of
pathways, including surface runoff, erosion, subsurface drains, groundwater
leaching, and spray drift. Narrow hedgerows have been found to limit 82-97
percent of the aerial drift of pesticides adjacent to a stream (Lazzaro et al. 2008).
In runoff, herbicide retention in a buffer is dependent on the percentage of runoff
that infiltrates the soil (Misra et al. 1996). A study of herbicides in simulated
runoff found that 6-meter-wide vegetated buffers were sufficient to reduce
herbicide concentration exiting the buffer to zero (Otto et al. 2008). A meta-
analysis found that filtration effectiveness increased logarithmically from 0.5 m
(1.6 ft) to an asymptote at approximately 18 m (59 ft) (Zhang et al. 2010). In
summary, relatively narrow vegetated buffers may be effective in limiting
herbicides and pesticides from reaching aquatic habitats in surface runoff,
erosion, and spray drift; however, transport via subsurface drainage and leaching
are not affected by riparian buffers, and these processes are best managed
through the use of best management practices in herbicide and pesticide
applications to avoid contaminating groundwater (Reichenberger et al. 2007).

Pharmaceuticals
Pharmaceuticals are another class of contaminants, the effects of which remain

poorly understood. Many commonly used pharmaceuticals are found in
wastewater and a few pharmaceutical components are detectable in marine
sediments in the Puget Sound, particularly around more urban areas (Long et al.
2013). Many common pharmaceuticals have endocrine-disrupting properties,
which can affect fertility and development in non-target aquatic species (Caliman
and Gavrilescu 2009). The existing and potential population-scale effects of these
chemicals in the environment are not yet well-understood (Mills and Chichester
2005, Caliman and Gavrilescu 2009). Measures to effectively manage impacts of
pharmaceuticals involve proper disposal by the user and wastewater
management. A study of the effectiveness of on-site sewage treatment at
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removing organic wastewater contaminants (OWCs) found that concentrations
of OWCs in conventional septic systems were comparable to those measured in
previous studies of municipal wastewater treatment plant (\WWTP) influent
(Wilcox et al. 2009). However, concentrations of OWCs in septic effluent were
significantly lower from septic systems with advanced treatment using sand
filtration or aerobic treatment, with concentrations similar to WWTP effluent
(Wilcox et al. 2009).

Nutrients

In excess concentrations, nitrogen and phosphorus can lead to poor water quality
conditions, including reduced dissolved oxygen rates, increased pH, and
eutrophication (Mayer et al. 2005, Mayer et al. 2007). Excessive amounts of
nitrogen and phosphorus speed up eutrophication and algal blooms in receiving
waters, which can deplete the dissolved oxygen in the water and result in poor
water quality and fish kills (Mayer et al. 2005, Dethier 2006, Heisler et al. 2008).
More frequent occurrences of toxic algal blooms, such as those that cause
Paralytic Shellfish Poisoning, are linked to increased eutrophication (Anderson et
al. 2002). Also, nitrogen loading can reduce light transmittance by triggering
algal blooms and growth of seagrass epiphytes, resulting in a reduction in the
size of eelgrass and kelp beds (Steneck et al. 2002, Hauxwell et al. 2007, Mumford
2007). A reduction of eelgrass bed areas in bays in nearby San Juan County has
prompted questions regarding effects of upland development (Wyllie-Echeverria
et al. 2003).

Nutrients enter waterways through channelized runoff, groundwater flow, and
overland flow. Nitrogen loading is often associated with agricultural activities,
whereas low density residential development has been found to result in nitrate
levels comparable to a forested basin (Poor and McDonnell 2007). Agricultural
drainage ditches may transport nutrients to downstream habitats and dredging
of agricultural channels results in short-term increases in the transport of
nitrogen, phosphorus, and herbicides, likely because of a reduction adsorption
potential (Smith et al. 2006, Smith et al. n.d.). This finding implies that dredging
is best conducted when seasonal conditions and projected farm management
activities are expected to have limited nutrient efflux (e.g., dry periods and
periods when lands are not tilled or fertilized).

Headwater streams play an important role in denitrification as a result of the
high surface area to volume ratio of sediment and biofilms to streamflow
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(Peterson et al. 2001). In fact, headwaters are responsible for over 40 percent of
the nitrogen flux in fourth order and larger streams (Alexander et al. 2007).

Map 9 shows the results of nitrate monitoring within Island County from 2007 to
2011. Nitrate levels are variable across the County. The highest level of nitrate
pollution was found at Ebey’s Landing. (Island County Environmental Health,
2013, internal draft).

Nitrogen removal in the riparian zone is recognized as one of the most cost-
effective means to control excess nitrogen losses from intensively developed
watersheds (Hill 1996). Riparian zones can reduce nitrogen pollution through
nutrient uptake, assimilation by vegetation, and through denitrification (Sobota
et al. 2012). The rate of nitrogen removal from runoff varies considerably
depending on local conditions, including soil composition, surface versus
subsurface flow, riparian zone width, riparian composition, and climate factors
(Mayer et al. 2005, Bernal et al. 2007, Mayer et al. 2007). Nutrient assimilation is
also dependent on the location of vegetation relative to the nitrogen source, the
flowpath of surface runoff, and position in the landscape (Baker et al. 2006). As a
result of this variability, a meta-analysis of studies of nutrient removal in
riparian buffers ranging from 1-200 m (3-656 ft) concluded that buffers wider
than 50 m (164 ft) remove nitrogen more effectively than buffers less than 25 m
(82 ft) wide; however, within the categories of 0-25 m (0-82 ft), 25-50 m (82-164
ft), and >50 m (164 ft), factors other than buffer width determine nitrogen
removal effectiveness (Mayer et al. 2007). Riparian zones less than 15 m (49 ft)
actually contributed to nitrogen loading in some cases (Mayer et al. 2007).
Another meta-analysis of nutrient removal studied buffers up to 22 m (72 ft)
wide, and found that these buffers effectively removed 92 and 89.5 percent of
nitrogen and phosphorus, respectively (Zhang et al. 2010)

Mayer et al. (2005, 2007) found that riparian zones ranging from 1-200 m (3-656
ft) generally removed 89% of subsurface nitrates regardless of riparian zone
width. On the other hand, nitrate retention from surface runoff was related to
riparian zone width, where 50%, 75%, and 90% surface nitrate retention was
achieved at widths of 27 m (88 ft), 81 m (266 ft), and 131 m (430 ft) respectively
(Mayer et al. 2007). This suggests that surface water infiltration in the riparian
zone should be a priority to promote effective nutrient filtration. Where soils are
poorly drained and infiltration capacity is limited, the effectiveness of nutrient
removal in riparian buffers may also be limited (Wigington et al 2003).
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The composition of the riparian zone also affects the efficiency of nutrient
removal. Reviews of buffer effectiveness have found that forested riparian zones
remove nitrogen and phosphorus more efficiently than grass/forested riparian
zones (Zhang et al. 2010). And Mayer et al. (2007) found that herbaceous buffers
had the lowest effectiveness compared to forested wetland, forested, and
forested/herbaceous buffers. Other studies have found conflicting results,
indicating that grass buffers remove nitrogen and phosphorus as well or better
than forested buffers (reviewed in Polyakov 2005). Where nitrogen-fixing
species predominate, such as red alder, these buffers tend to have higher soil
nitrate concentrations (Monohan 2004). These findings indicate that the nitrogen
removal efficiency of buffers can vary depending on the size and species
composition of the buffer.

Season can also play a significant role in denitrification, because denitrification
rates are higher in saturated soil because of the anoxic conditions (Bernal et al.
2007). Given the seasonal climate patterns in Island County, denitrification rates
are expected to be higher in winter compared to summer.

Map 10 shows the results of the orthophosphate monitoring from 2007 to 2011.
Again, rates are variable across the county, with the highest level of degradation
at Ebey’s Landing. (Island County Environmental Health, 2013, internal draft).

Removal of phosphorus by riparian buffers is dependent on the form of
phosphorus entering the buffer. Whereas phosphorus that is adsorbed by soil
particles is effectively removed through sediment retention within a buffer, the
retention of soluble phosphorus relies on infiltration and uptake by plants
(Polyakov 2005). One long-term study found that phosphorus uptake was
directly proportional to the plant biomass production and root area over the
four-year study period (Kelly et al. 2007). If a riparian buffer becomes saturated
with phosphorus, its capacity for soluble phosphorus removal will be more
limited (Polyakov 2005). Another long-term study found that following a 15-
year establishment period, a 40-meter-wide, three-zoned buffer reduced
particulate phosphorus by 22 percent, but dissolved phosphorus exiting the
buffer was 26 percent higher than the water entering the buffer, so the buffer
resulted in no net effect on phosphorus (Newbold et al. 2010).

In summary, most riparian zones reduce subsurface nutrient loading, but
extensive distances are needed to reduce nutrients in surface runoff. Filtration
capacity decreases with increasing loads (Mayer et al. 2005), so best management
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Freshwater habitat conditions are influenced by catchment land cover,
longitudinal riparian and floodplain corridors, surficial geology, climate, as well
as local area conditions. Research has explored how these different scales of
influence relate to both physical and biological indicators of stream condition
(e.g., Vannote et al. 1980, Swanson et al. 1988, Gregory et al. 1991, Naiman et al.
1992). An understanding of the relationship between land use and stream
conditions at these different scales can inform multi-scalar land use management.
The following discussions highlight the key components of freshwater habitats
and how development impacts those habitats at the catchment, riparian, and
local scales.

Headwaters

Because of the smaller size of the stream channel, riparian buffers may exert a
greater influence on small, low-order streams compared to higher order streams
(Vannote et al. 1980, Bilby and Ward 1989, Gregory et al. 1991). Riparian zones
along small, low order streams have also been found to be more effective at
reducing downstream temperatures compared to riparian buffers along larger
channels (Brazier and Brown 1972, Cristea and Janisch 2007). Riparian areas
associated with low-order streams produce significant quantities of litterfall
(Gomi et al. 2002) and invertebrates (Wipfli and Gregovich 2002, Wipfli 2005,
Wipfli et al. 2007) that are transported downstream to fish-bearing waters. In
many cases, juvenile coho salmon and cutthroat trout have been found in small,
intermittently flowing channels (e.g., Wigington et al. 2006, Colvin et al. 2009),
and these channels should not be discounted as potential rearing habitats.
Forested riparian areas associated with intermittent and headwater streams also
provide sheltered humid environments for amphibian dispersal (Sheridan and
Olson 2003, Olson et al. 2007, Welsch & Hodgson 2008), and amphibian densities
are higher in those headwater streams with riparian buffers (Stoddard and
Hayes 2005).
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Longitudinal continuity of buffers along streams is an important factor
determining the effectiveness of buffers at improving channel conditions. Riparian
continuity is correlated with abundance and diversity of sensitive invertebrates
(Wooster and DeBano 2006) and metrics of physical stream conditions (McBride
and Booth 2005). On the other hand, fragmented riparian zones may not be
sufficient to improve degraded instream habitat conditions. A study of
fragmented riparian zones in New Zealand found that 12- and 17- acre forested
plots at the downstream ends of 3 order streams did not improve riffle depth,
substrate size, stream temperatures, or sensitive invertebrate communities
degraded by upstream agriculture lacking riparian zones (Harding et al. 2006).
Harding et al. (2006) suggested that greater riparian continuity was needed to see
notable improvement in instream conditions. Similarly, a watershed-scale study in
Southwest Washington found that stream conditions were best maintained with
continuous buffers, compared to patch buffers or no buffers (Bisson et al. 2013).

Physical Structure

The physical geomorphology of aquatic habitats is fundamentally shaped by the
processes of water flow, sediment transport, and wood transport. As discussed
in Section 3.1 (Water Flow Processes), development tends to increase the
frequency of high flows and the variability in high flow events (Burges et al.
1998, Jones 2000, Konrad and Booth 2005, Cuo et al. 2009), which in turn results
in deeper, wider, and straighter channel form (May et al. 1997, Booth et al. 2002).
As identified above, habitat structure is closely related to function. For example,
juvenile coho salmon selectively use pools with structural cover and off-channel
areas for winter rearing (Bustard and Narver 1975, Tschaplinski and Hartman
1983). As noted in the WRIA 6 Limiting Factors Report (WCCC 2000), “streams
with more structure (such as logs and undercut banks) support more coho
salmon, not only because they provide more territories (useable habitat), but they
also provide more food and cover.” Furthermore, hydraulically complex streams
lose proportionately fewer fish during floods and support more diverse fish
communities when compared to simpler channels (Pearsons et al. 1992).

Many small channels in Island County have been ditched and rerouted to
facilitate agricultural, road drainage or other development. Some of the channels
of the larger stream systems within Island County, such as Maxwelton Creek,
have also been ditched and rerouted to facilitate development. In addition to
increasing the transport capacity while reducing the storage capacity and
recharge associated with these streams, these changes greatly reduce channel
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structural diversity and low velocity habitat during high flow events. These
changes have implications for both stream habitat conditions during both low
flow and high flow periods. For example, in the Skagit River Watershed, Beechie
et al. (1994) determined that diking, ditching, and dredging associated with
agricultural and urban lands accounts for a 73 percent loss of summer pool
habitat for coho salmon, and a 91 percent loss of off-channel winter habitat.
Additionally, culverts limiting fish passage on small tributaries accounted for 13
and 6 percent reduction of the area of summer and winter coho salmon habitat,
respectively (Beechie et al. 1994).

Despite degraded channel structure, a study in Oregon found substantial use of
agricultural intermittent, ditched-streams by native fish, albeit primarily tolerant,
habitat generalists (Colvin et al. 2009). Limited use of these agricultural streams
was observed by juvenile cutthroat trout and Chinook salmon, and fish species
richness was positively correlated with the percentage of the watershed covered
by forest and negatively correlated with distance to perennial streams (Colvin et
al. 2009). These results raise the possibility that the landscape position of
agricultural ditched-channels may allow for salmonid use, particularly if
physical channel conditions are improved.

In general, development is known to have detrimental effects on salmonids. Pess
et al. (2002) found that wetland occurrence, local geology, stream gradient, and
land use were significantly correlated with adult coho salmon abundance. While
positive correlations were found between spawner abundance and forested
areas, negative correlations were found between spawner abundance and areas
converted to agriculture or urban development.

Natural disturbances (e.g., mass-wasting events, landslides, channel migration)
lead to spatial heterogeneity and temporal variability, which, in intermediate
frequencies create diverse habitat niches for aguatic and semi-aquatic species.
These processes and the associated spatial and temporal diversity are significant
to promote resilience for aquatic populations, including salmonids (Bisson et al.
2009). Land use can affect the frequency and intensity of disturbance events
(Nakamura et al. 2000), either by making such events more common (e.g., by
increasing the frequency and intensity of high flow events) or by limiting natural
sediment recruitment events (e.g., by stabilizing streambanks). As the frequency
and intensity of disturbances change, those processes that help to allow for
species resilience may be impaired.
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Recent research has investigated the correlation between development and
physical stream attributes at multiple spatial scales (Wood-Smith and Buffington
1996, Allan et al. 1997, McBride and Booth 2005, Segura and Booth 2010).
Measures of physical and biological stream integrity are influenced by both
catchment scale and riparian-scale conditions (Allan et al. 1997). At a catchment
scale, a reduction in forest cover is correlated with a reduction in the frequency
of pools and reduced residual pool depth (Wood-Smith and Buffington 1996
Booth and Jackson 1997, Booth 1998, Konrad et al 2005, Segura and Booth 2010).
One study found that degraded physical stream attributes were most closely
correlated to urban land cover at the sub-watershed scale and in an area within
500 m (1,640 ft) of the site, as well as the proximity to the nearest road crossing
(McBride and Booth 2005). The same study found that physical stream
conditions improved after passing through 100 m (328 ft) wide forests or
wetlands, particularly when these areas were located away from road crossings
(McBride and Booth 2005). Another study found that the amount of urbanization
in a watershed determines the extent to which local-scale riparian vegetation is
effective in mediating channel form and processes (Segura and Booth 2010).
Riparian zones had a greater influence on stream morphology, including density
of large woody debris, pool frequency, and sediment storage, in watersheds with
lower densities of development compared to more highly developed watersheds
(Segura and Booth 2010). Therefore, channel simplification caused by
watershed-scale hydrologic changes from urbanization may override local scale
influences of riparian vegetation on channel-forming processes, but vegetated
riparian zones may be effective in mediating the effects of more rural
development in a watershed.

Riparian vegetation helps provide bank stabilization through a complex of tree
roots, brush, and soil/rock. A study in British Columbia concluded that major
bank erosion is 30 times more likely on stream bends with bare banks compared
to vegetated banks, and that densely vegetated banks are the most effective at
resisting erosion (Beeson and Doyle 1995). Woody vegetation tends to provide
greater bank stability than herbaceous vegetation because woody vegetation has
larger roots that extend deeper into the streambank (Wynn and Mostaghimi
2006). Another British Columbia study found that streamside trees stabilized the
banks and prevented their collapse, helping to create overhanging banks and
winter habitat for coho salmon (Tschaplinski and Hartman 1983). In contrast,
two of three study-sections that had been clear-cut logged had unstable banks
which collapsed during winter freshets (Tschaplinski and Hartman 1983).
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Woody Debris

Woody debris plays a significant role in geomorphic functions such as directing
stream flows to shape the channel form and influencing sediment storage,
transport, and deposition rates (Harmon et al. 1986, Sedell et al. 1988, Bilby and
Bisson 1998). The collection of large woody debris (LWD) and the subsequent
entrapment of smaller branches, limbs, leaves and other material reduce flow
conveyance in small streams and increase temporary flood storage (Dudley et al.
1998). By retaining smaller organic debris, LWD provides substrate for microbes
and algae, and prey resources for macroinvertebrates (Bolton and Shellberg 2001).

Just as riparian areas have a more significant effect on smaller channels
compared to larger channels (Vannote et al. 1980), the effects of LWD in small
channels are particularly significant (Harmon et al. 1986). In small channels,
LWD provides important structures in the stream, controlling rather than
responding to hydrologic and sediment transport processes (Gurnell et al. 2002).
For this reason, large wood is responsible for significant sediment storage in
small channels (Nakamura and Swanson 1993, May and Gresswell 2003). Large
wood that partially blocks flow can also help to encourage hyporheic flow (Poole
and Berman 2001, Wondzell et al. 2009). The channel profile of low-order
bedrock streams is often modified by LWD debris jams that trap cobble and
sediment into short, low-gradient alluvial reaches punctuated by energy-
dissipating LWD cascades (Keller and Swanson 1979, Montgomery et al. 1996).
This pattern of energy dissipation results in less available energy for erosion of
bed and banks (Swanson and Lienkaemper 1978). The effect of LWD removal in
these streams is usually incision or channelization of the stream, accelerated
transport of fine sediments, quicker stormflow routing, and decreases in
biological productivity (Swanson et al. 1976). LWD provides stream roughness
that can help limit channel incision and streambank failures (Booth 1990).

Large woody debris also plays an important role in forming complex in-water
habitat structures that provide flow refugia, essential cover, and improved
foraging conditions for fish. Fausch and Northcote (1992) found that streams
containing large amounts of LWD supported populations of juvenile cutthroat
and coho salmon five times greater than streams within the same river system
that had been cleared of LWD. Roni and Quinn (2001) found that winter
densities of coho salmon, steelhead, and cutthroat trout were higher in streams
where LWD had been added.
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Large woody debris can enter channels through individual trees falling into the
stream, as well as through larger disturbances, such as landslides and fire (Bragg
2000). A comparison of 51 streams with varying channel form in mature forests
of British Columbia found that of the approximately one-third of LWD pieces for
which the source could be identified, tree mortality was the most common (65
percent) entry mechanism (Johnston 2011). Streambank erosion is a common
method of wood recruitment in large alluvial channels (Murphy and Koski 1989),
whereas in smaller, steeper channels, wood recruitment predominantly occurs
through slope instability and windthrow (May and Gresswell 2003).

The probability of a tree entering the channel decreases as distance increases
from the stream (McDade et al. 1990, Grizzel et al. 2000). Past research has found
that most LWD originates within approximately 30 m (98 ft) of a watercourse
(Murphy and Koski 1989, McDade et al. 1990, Van Sickle and Gregory 1990,
Robison and Beschta 1990). In 90 percent of the 51 streams surveyed in British
Columbia, 90 percent of the LWD at a site originated within 18 m (59 ft) of the
channel. May and Gresswell (2003) found that wood was recruited from
distances further from the stream channel in small, steep channels (80 percent
from 50 m (164 ft) from the channel), compared to broad alluvial channels (80
percent from 30 m (98 ft) from the channel because of the significance of hillslope
recruitment in narrow valleys. Trees beyond one site-potential-tree-height
(SPTH) from a creek also influence LWD recruitment indirectly by knocking
down other trees closer to the stream when they fall (Reid and Hilton 1998).

The likelihood of downstream transport of LWD is dependent on the length of
wood relative to bankful width of the stream (Lienkaemper and Swanson 1987).
Wood that is shorter than the average bankful width is transported more readily
downstream compared to wood that is longer than the bankful width
(Lienkaemper and Swanson 1987). Therefore, large wood is rarely transported
downstream from small channels less than 5 m (16 ft) in width (May and
Gresswell), which are characteristic of Island County streams.

Similar to large wood, beaver dams slow water, retain sediment, and create pools
and off channel ponds used by rearing coho salmon (Naiman et al. 1988, Pollock
et al. 2004). Beavers are native to Island County, as evidenced by Whidbey
native peoples trading beaver skins to the early fur traders and beaver bones
found in middens (R. Milner, personal communication with K. Swanson
November 18, 2013). The removal of these structures throughout history has
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been linked to a significant reduction in coho salmon summer and winter rearing
habitat in the nearby Stillaguamish River (Pollock et al. 2004).

Invertebrates and Detritus

Terrestrial and aquatic invertebrates serve an important role at the base of
aquatic food webs. In streams in Southeast Alaska, aquatic and terrestrial
invertebrates are consumed by coho salmon in approximately equal proportions
(Allan et al. 2003). The magnitude of fluvial discharge also affects the scale of
distribution of detritus from freshwater to estuarine ecosystems (Howe 2012).

Aguatic invertebrates are sensitive to water quality, flows, and habitat structure,
and they are often considered as indicators of stream habitat conditions (Karr
1998, Utz et al. 2009). It should be noted that macroinvertebrates may respond
differently to watershed and local-scale habitat conditions compared to other
species, such as fish, and these differences may be related to differences in
species mobility and scale of influence (Infante et al. 2009). Studies in the Pacific
Northwest have found that the diversity and relative prevalence of aquatic
invertebrates that are sensitive to water quality conditions is inversely related to
urban land cover (Hachmoller et al. 1991, Morley and Karr 2002, Utz et al. 2009)
and, to a lesser extent, to agricultural land cover (DeLong and Brusven 1998,
Herlihy et al. 2005, Utz et al. 2009) and positively correlated with forest cover
Zhang et al. 2009). Hydrologic changes associated with basin and subbasin
development have been correlated to degraded indices of invertebrate
community integrity (Booth et al. 2004, Alberti et al. 2007, DeGasperi et al. 2009).
DeGasperi et al. (2009) proposed that the frequency and range of flood pulses
may best explain the correlation between the hydrologic effects of urbanization
and the observed degradation of invertebrate communities. Utz et al. (2009)
reported that sensitive aguatic invertebrates were not present when impervious
cover was in the range of 3 to 23 percent, and the sensitivity of invertebrates to
impervious surface cover varied with hydrogeomorphic factors.

Although urbanization at a catchment scale is correlated with a reduction in
sensitive invertebrate species, those urbanized catchments with intact riparian
buffers along the longitudinal stream gradient maintain a higher proportion of
sensitive species compared to those without vegetated riparian corridors
(Miltner et al. 2004, Moore and Palmer 2005, Walsh et al. 2007, Shandas and
Alberti 2009).
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On the other hand, studies at the reach scale have found conflicting results as to
whether conditions affect (e.g., Roy et al. 2003, Booth et al. 2004, Stephenson and
Morin 2009) or do not affect (e.g., Walsh et al. 2007) invertebrate species
composition. Two studies found seemingly paradoxical results where densities
of aquatic and terrestrial invertebrates in a stream were higher in disturbed
reaches versus undisturbed forested reaches (Roy et al. 2005, Progar and
Moldenke 2009). Both studies, however, found that the biomass of invertebrates
did not differ between to the control and treatment reaches. These results may
be related to smaller, early colonizing individuals that are able to exploit
disturbed areas. Roy et al. (2003) determined that although invertebrate metrics
were correlated with catchment-scale urbanization, specific reach-scale factors
such as sediment grain size, total suspended solids, turbidity, and nutrient loads
more closely correlated with invertebrate indices. Together, these studies
suggest that invertebrate communities are sensitive to land use changes at both
the watershed, riparian, and reach-scales, and that riparian continuity is a
significant factor to maintain high levels of biological integrity.

In some cases, the immediate effects of forest clearing have produced unexpected
results relating to invertebrate composition. For example, where clearcuts leave
significant quantities of woody slash in the stream, an associated increase in
collector and shredder invertebrates occurs for years following harvest (Jackson
et al. 2007). On the other hand, Kiffney et al. (2003) observed an increase in
tolerant Chironomid invertebrates following logging with 0, 10 m (33 ft), and

30 m (98 ft) buffers. Kiffney et al. (2003) and Hoover et al. (2007) concluded that
10-meter-wide buffers were not sufficient to protect stream invertebrate
communities from the effects of logging. Kiffney and Richardson (2003, 2004)
concluded that buffers over 30 m (98 ft) in width are necessary to avoid
disturbing invertebrate communities.

Water Temperature and Microclimate

Stream temperatures and riparian microclimate conditions are closely tied to
each other. Factors influencing water temperature and microclimate include
shade, orientation, relative humidity, ambient air temperature, wind, channel
dimensions, groundwater, and overhead cover (Brown and Kryger 1970, Beschta
et al. 1987, Osborne and Kovacic 1993, Brosofske et al. 1997, Moore et al. 2005).

Salmon and native freshwater fish require cool waters (55-68°F) for migrating,
rearing, spawning, incubation, and emergence (USEPA 2003). Thermal
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tolerances differ by species; coho salmon prefer the coolest temperatures,
whereas steelhead can tolerate higher temperatures. A literature review of
temperature effects on juvenile salmonid growth found that optimal growth
occurred in field studies when daily maximum temperatures were 61-73°F for
steelhead, 61°F for Chinook salmon, and 59°F for coho salmon (Ecology 2002).
Riparian microclimate affects many ecological processes and functions, including
plant growth, decomposition, nutrient cycling, succession, productivity,
migration and dispersal of flying insects, soil microbe activity, and fish and
amphibian habitat (Brosofske et al. 1997). Amphibians have narrow thermal
tolerances, and they are particularly influenced by changes in microclimate
conditions (Bury 2008).

Several studies have documented significant increases in maximum stream
temperatures associated with the removal of riparian vegetation (Beschta et al.
1987; Murray et al. 2000, Moore et al. 2005, Gomi et al. 2006). A comparative
study of 40 small streams in the Olympic Peninsula found that mean daily
maximum temperatures were 2.4°C higher in logged compared to unlogged
watersheds, and that logged watersheds had greater diurnal fluctuations in
water temperatures (Pollock et al. 2009).

A number of studies have considered the extent to which different riparian zone
widths modulate stream temperature. In headwater streams in British
Columbia, 10 m (33 ft) riparian zones generally minimized effects to stream
temperature from timber harvest, although maximum daily temperatures
reached 3.6°F higher than control streams (Gomi et al. 2006). It should be noted
that intermittent and ephemeral streams that naturally go dry during summer
months will likely have minimal impact on downstream summer temperatures.
Another study of streams in Washington found that stream temperatures were
most closely correlated with vegetation parameters associated with the riparian
area, such as total leaf area and tree height, and that the effect of buffer width
was less significant, particularly for buffers larger than 30 m (98 ft) (Sridhar et al.
2004). These findings are consistent with an earlier study relating angular
canopy density (ACD), a proxy for shading, to riparian buffer width. The study
found that the correlation between shade and riparian buffer width increases
approximately logarithmically, reaching an asymptote around 30 m (98 ft)
(Bestcha et al. 1987). Therefore, for buffers less than 30 m (98 ft), buffer width is
expected to be more closely related to shading and stream temperatures than
buffers over 30 m (98 ft). A study in British Columbia found significant cooling
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of up to of 4°C in reaches downstream from logged areas even in relatively short
lengths of shaded stream channel (200 m [656 ft] long); however, significant
cooling was largely attributed to the cooling effect of groundwater in the shaded
reaches (Story et al. 2003).

In addition to effects of shading and microclimate, water temperatures may vary
at the site or reach scale depending on substrate conditions and the effects of
hyporheic (subsurface) flow and groundwater seeps (Ebersole et al. 2003,
Johnson 2004, Janisch et al. 2012). Thermal heterogeneity resulting from
localized groundwater sources or hyporheic flow may provide localized habitat
refugia for cool-water fish (Ebersole et al. 2003). Similarly, portions of
intermittent channels that consist entirely of hyporheic flow (no surface water)
may provide thermal resilience by maintaining cool water temperatures despite
loss of adjacent forest cover (Janisch et al. 2012).

In addition to the effect of riparian areas, watershed-scale land uses can affect
stream temperatures. For example, a study in British Columbia found that, after
accounting for the effects of watershed size, air temperature, and elevation, the
density of roads in a watershed was positively correlated with the summer
maximum weekly average water temperature (Nelitz et al. 2007). In areas where
headwater wetlands naturally moderate stream temperatures, these wetlands
also tend to mitigate the effect of forest clearing on downstream temperatures
(Rayne et al. 2008).

Edge effects extend well into the forest, and affect microclimate. Therefore
riparian buffer effectiveness at maintaining microclimate is also influenced by
edge effects. One study in western Washington detected microclimate edge
effects along the entire length of a 240 m (787 ft) buffer (Chen et al. 1995).
Heithecker and Halperin (2007) found that most changes in light occurred within
20 m (66 ft) of the forest edge, and that air and soil temperatures stabilized
within a range from 10-30 m (33-66 ft); but that throughout 1-hectare forested
plots, air temperatures remained elevated compared to larger control plots.
Another study in Western Washington found that buffers ranging from 16-72 m
(52-236 ft) did little to limit elevated air temperatures associated with an adjacent
clearcut in mid-summer (Dong et al. 1998). In contrast to these studies, a study
of small streams in Western Washington indicated that buffers greater than 45 m
(147 ft) wide are generally sufficient to protect riparian microclimate at streams
(Brosofske et al. 1997). In summary, edge effects on forest microclimate extend
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well into forested areas adjacent to clearings and traditional riparian buffers are
not expected to attain pre-disturbance microclimate conditions unless they are
several hundred meters wide, but buffers ranging from 10-45 meters (33-147 ft)
in width may minimize microclimate effects related to light, soil, and air
temperatures.

Two studies in the Pacific Northwest considering the effects of partial forest
retention on microclimate found that retention of 15 percent of a forest basal area
was not sufficient to maintain microclimate conditions (Heithecker and Halperin
2006, Aubry et al. 2009); however, 40 percent basal area retention resulted in
cooler mean air temperatures than clearcut conditions and light conditions
similar to an undisturbed forest (Heithecker and Halperin 2006).

In Island County, the County’s Water Quality Monitoring Program measured
temperature at 19 sites in 16 watersheds between 2006 and 2011. While nearly all
of the sites met state temperature standards, two salmonid bearing streams,
Upper Maxwelton Creek, and Upper Kristoferson Creek consistently exceeded
temperature standards during summer months. Both systems contain fairly low
gradient streams with slow-moving water, and little to no riparian cover over the
channel at the monitoring location. Additionally, the monitoring locations at
both sites are located down stream of relatively large ponds or wetlands. Both of
these systems are the focus of targeted additional monitoring with the goal of
improving water quality for fish and wildlife, as well as opening closed shellfish
beds and swim beaches downstream (Island County Environmental Health,
2013, internal draft).

Open Water Features

Ponds and lakes are vital habitat components for bald eagle, peregrine falcon,
osprey, and great blue heron in Island County. These species all rely on the
proximity of these features for some or all of their lifecycle. Herons in particular
often nest near open-water wetlands. Preservation of forest stands, native shrub,
and large trees near open water are critical to providing potential nesting habitat
for these species as well.

The open areas above ponds and lakes are ideal foraging habitat for a number of
swift and swallow species. Bald eagles and peregrine falcons regularly forage on
ducks and other birds that utilize open water. Reptiles and amphibians that breed
and rear in ponds and lakes are important as primary and secondary prey species
to a variety of wildlife, beyond the species of local importance mentioned here.
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Development can substantially alter terrestrial input to lakes, including large
wood (Francis and Schindler 2006), terrestrial insects (Francis and Schindler
2009), and organic detritus (Francis et al. 2007). Whereas 40 percent of fish in
undeveloped lakes consumed insect prey, only 2.4 percent of fish consumed
insect prey in developed lakes (Francis and Schindler 2009). These changes can
substantially alter shoreline structure and food-web linkages in lakes and open-
water features. Most of the lakes in Island County were developed for
residential use prior to the adoption of existing critical areas regulations. As a
result, there is little opportunity to protect existing developed lake and pond
shorelines.

Crockett Lake and Swan Lake support several avian species of interest (see Table
1), as well as large numbers of migrating shorebirds. The majority of the
watershed draining to Crockett Lake is in private ownership. Oak Harbor, one
of the more intensively developed areas in the County occupies portions of the
Swan Lake watershed. Increased impervious surface in these basins may
increase the risk of flooding in the lake, and potentially raise levels of
contaminants.

MARINE AND ESTUARINE HABITATS AND
POTENTIAL EFFECTS OF DEVELOPMENT

6.1

Sediment Transport

Sediment transport in the marine nearshore is primarily driven by bluff erosion
and shoreline drift processes (Johannessen and MacLennan 2007).
Approximately 50 percent of Island County’s marine shorelines are identified as
active or historically active feeder bluffs (Johannessen and Chase 2005).
Approximately one quarter of the historically active feeder bluffs in the County
(12 percent of the County’s shorelines) have been modified, usually by
bulkheading at the toe of slope, such that feeder bluff contributions to marine
nearshore sediment are now impaired (Johannessen and Chase 2005). Eight
percent of the County’s marine shorelines are described as exceptional feeder
bluffs, meaning that they have eroding bluff segments with the highest volume
of sediment per shoreline length in the County.
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Development at the top of bluff can accelerate natural bluff erosion by modifying
the hydrology, loading the top of a bluff, and removing stabilizing soil and
vegetation (Shipman 2001, 2004). In addition to the routing of stormwater from
impervious surfaces associated with bluff-top development, on-site septic
systems associated with bluff-top residences introduce significantly more water
into the bluff soils. Bluff-top development that collects runoff in drains and
routes the stormwater over the face of the bluff via pipes can limit the super-
saturation that can exacerbate bluff failures, but these systems can be
undermined by any leaks in the pipe system (Shipman 2001, 2004). In a study of
the landslides in the City of Seattle, Shannon and Wilson (2000) concluded that
84 percent of landslides in the city were associated with some level of human
influence. Marine riparian vegetation also helps to stabilize marine shorelines to
limit episodic failures of bluffs (Desbonnet et al. 1994; Brennan and Culverwell
2004). If this vegetation is removed, bluff retreat may accelerate, threatening
upland development and/or instigating new shoreline armoring. Removal of
marine shoreline vegetation may also increase substrate temperatures in the
upper intertidal zone, adversely affecting forage fish spawning success (Rice
2006) and secondarily impacting piscivorous and partially piscivorous species
that forage in marine waters, including brown pelican, common loon, bald eagle,
and marbled murrelet. Murrelets in particular are sensitive to shifting food
supplies. Marine riparian vegetation also contributes organic detritus and
terrestrial insect production, which is used as a food source by juvenile
salmonids (Brennan and Culverwell 2004)

The natural process of bluff erosion and deposition on beaches is vital to
maintaining natural beach characteristics and functions in Puget Sound
(Johannessen and MacLennan 2007, Parks et al. 2013). Beach systems provide a
range of functions including submerged aquatic vegetation (Mumford 2007),
shellfish production (Dethier 2006), sources of prey for salmon and shorebirds
(Fresh 2006), and obligate beach spawning forage fish in high beaches (Penttila
2007). Bluff erosion results in the gradual or episodic loss of land at the top of
bluffs. If development is built in close proximity to the top of bluff, shoreline
protection may be subsequently be desired and constructed, even though
evidence supporting the value of shoreline armoring at the toe of slopes is
overestimated (Shipman 2001).

One of the unintended consequences of shoreline armoring is that it prevents
bluff material from being incorporated into the shore drift system, limiting the
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drift sediment available for maintenance of beaches. Additionally, where
shoreline armoring occurs, it typically results in accelerated erosion and slope
instability at adjacent sites and at the toe of the bulkhead, steepening and
coarsening of the shoreline, reducing beach wrack, and altering benthic
invertebrate communities (Williams and Thom 2001, Finalyson 2006, Sobocinski
et al. 2010).

Woody Debris

Large wood in estuarine and nearshore areas helps to stabilize shoreline sands
and gravels in the upper intertidal (Eamer and Walker 2010) and to create
topographic and vegetative diversity in tidal marshes (MacLennan 2005, Hood
2007). Large wood in estuaries is also used as perches by several priority birds
within the County, including bald eagles, great blue heron, and brown pelican
(Gonor et al. 1988). In the Skagit River estuary, Hood (2007) determined that
much of the wood was so large that it must have been derived from upstream
sources. As a result of limited wood transport and mobility in small stream
channels (May and Gresswell 2003), large wood deposited on shorelines and in
estuarine marshes are likely related to drift cell processes, bluff erosion, or
significant flood events, such as those associated with large beaver dam failures.
In two marshes in Puget Sound, Elger Bay on Camano Island and Sullivan-Minor
Marsh in Padilla Bay, MacLennan (2005) found a predominance of
anthropogenically derived woody debris, primarily deposited during periods of
peak timber harvest (MacLennan 2005). This result is consistent with the finding
by Gonor et al. (1988) that LWD sources have shifted from natural to logging-
related debris. MacLennan (2005) suggests that large wood may act as a
disturbance mechanism for vegetation, and in moderate quantities, this
disturbance generates habitat heterogeneity (Gonor et al. 1988).

TERRESTRIAL HABITATS AND POTENTIAL
EFFECTS OF DEVELOPMENT

While management and land use actions and decisions are necessarily conducted
at local and site scales, an understanding of landscape scale conditions and
processes is vital to effectively addressing more local habitat considerations.
Landscape-scale mechanisms influence and may explain patterns of species
distribution and abundance (Cushman 2006). A strong example of the influence
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of landscape-scale factors on local habitat and wildlife, including FWHCAs, can
be seen in connectivity effects on local habitat (see Section 1.5). The benefit of
connected habitat areas to wildlife is evident, as habitat corridors facilitate the
movement of individual animals and connect even distant “source” areas to local
habitat patches. Another benefit of habitat connectivity includes maintaining
genetically diverse populations that are more resilient to disturbance and
extirpation. An understanding of the existing landscape and evident wildlife
responses to landscape condition and use can inform local management
decisions, as it both provides an opportunity to understand current local habitat
use and to aid in determining the potential for meeting management goals.

Landscape-Scale Impacts of Development

The amount and quality of upland native habitat is influenced by the expected
and regular actions of that occur as part of development, land use, and land
management. As structures, roads, yards, and other man-made features
perforate the landscape, suitable habitat becomes less available in absolute area
and remaining habitat becomes isolated in patches or fragmented, often to the
detriment of wildlife (Marzluff and Ewing 2001). Development in vegetated
areas has the immediate impact of removing habitat for individuals, and in some
cases populations, of species present in the area. Extirpation of animals
dependent on large forested tracts, for example, occurs when a habitat patch is
reduced below the needed area; further, the reduced population will at some
point be unable to support a viable population of area-sensitive species and may
become a “sink.”

Urbanization generally causes more persistent and drastic fragmentation than
other anthropogenic land uses, such as forestry and agriculture, as fragments are
commonly separated by impervious surface, structures, impassable barriers, and
infrastructure used by vehicles and people. Water flow is obstructed or
redirected, nutrient cycling is disrupted, and ecological function may be
interrupted or altered. Total habitat area is reduced; dispersal and travel by
many wildlife species is altered or obstructed; and the processes of predation,
parasitism and interspecies competition are affected (Marzluff and Ewing 2001).
Isolated habitat fragments tend towards degradation and the establishment of
non-native habitat (Marzluff 2001). Proximity of development, in addition to
habitat loss, has been demonstrated to impact some taxa, such as native
grassland rodents, when it disrupts habitat (Bock et al. 2002).
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Agricultural development has been responsible for the loss of entire habitats in
the United States, and secondarily leads to increases in edge, fragmentation,
structural and compositional simplification, and establishment and proliferation
of non-native and invasive vegetation (Southerland 1993). In Island County,
agricultural development of fertile prairie soils has been a key cause of loss and
fragmentation of prairie habitats and impacts to prairie species. As with other
habitat types, reduction of prairie habitat can result in direct loss of wildlife
species (Herkert 1994), and impacts due to the secondary effects listed above can
result in higher predation rates on waterfowl and reproduction impacts
(Pasitschniak-Arts and Messier 1995, Herkert et al. 2003). On the other hand,
fallow fields and flooded pastures can help provide foraging habitat for
wintering migratory waterfowl, (Ball et al. 1989).

Birds are probably the most-studied taxon in urbanizing areas. Although they
are more mobile than most other terrestrial wildlife, they often exhibit
population responses to the habitat changes associated with development. Long-
term viability of avian populations appears to be lowered by reduced quality,
abundance, and connectivity of native forest in urbanizing areas (Belisle et al.
2001, Donnelly and Marzluff 2004). In the Vancouver British Columbia area,
Melles et al. (2003) showed an inverse relationship between species richness and
level of urbanization, with local- and landscape-scale attributes exerting an
effect. In this study, the presence of large conifers, berry-producing vegetation,
and streams increased the likelihood of recording birds on the local level, and
forest cover improved the chances of observation. In many cases, relationships
are non-linear, with density and richness peaking at intermediate levels of
disturbance. This phenomenon often was the result of varying levels of
adaptability of species to disturbance.

In a summary of the existing literature, Marzluff (2001) reported that human-
driven land use cover changes that occur with development have generally
resulted in increases in non-native bird species, increases in species that nest in
human structures, increased nest predation, and decreases in forest-interior and
ground-nesting species. Factors favoring increases in non-native species and
those nesting regularly in human structures were primarily increased food, and
less importantly, fewer predators, less persecution by humans, and habitat
enhancement. Factors driving declines in forest-interior and ground-nesting
species were decreased available habitat, reduced habitat patch size, increased
edge habitat (the interface between different vegetative communities or habitat
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types), increased non-native vegetation, decreased vegetative complexity, and
increased nest predation. Loss of important habitat features such as snags has
also reduced density of birds (cavity-nesters) in urbanizing areas (Blewett and
Marzluff 2005).

Habitat loss and fragmentation are leading causes in the global decline of
amphibians (Becker et al. 2007). The level of urbanization also impacts some
amphibian species, reducing abundance and species richness (Rubbo and
Kiesecker 2005). Forest removal impacts migration and dispersal from wetlands,
and effects may occur regardless of efforts to reduce the impact of specific
silvicultural practices (Todd et al. 2009).

Patch Size and Isolation Effects

The pattern of habitat loss and resulting fragmentation may exert a greater
influence on declines in wildlife populations, including birds, mammals, and
insects, than habitat loss alone (Bender et al. 1998). Biodiversity as a whole,
however, may be impacted less by fragmentation than habitat loss (Fahrig 2003).

Isolated terrestrial habitat patches resulting from fragmentation were predicted
to support more species as the size of the patch increases (Adams 1994). This
model held true for woodland birds, chaparral birds, land vertebrates, flies, and
beetles. The influence of patch size has been further investigated in more recent
literature, with greater consideration of landscape parameters, scale, and other
potentially confounding factors. For example, Donnelly and Marzluff’s (2004)
work in the Seattle metropolitan area shows evidence that species richness
increases with habitat patch size in a range of residential land use intensities
(urban, suburban, and exurban [outer urban fringe]) because large reserves are
able to support more species drawn from the regional pool. Large reserves in
more developed areas supported greater species richness than large exurban
reserves because of their ability to recruit and support synanthropic species, or
those that adapted readily to human presence, that were generally not present in
exurban areas. As well, larger reserves can be expected to contain greater habitat
diversity and subsequently more niches for species to utilize. Donnelly and
Marzluff (2004) attributed the differences in species richness between large and
small reserves to local extinctions. As reserve size decreased, those species
depending on intact or expansive forest were the first to disappear. A tendency
for some neotropical migrant bird species to decline in smaller forested areas was
observed as well. Small mammals have also showed a higher likelihood to
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immigrate to larger fragments when faced with smaller alternatives
(Diffendorfer 1995).

A similar effect was demonstrated in forest-interior birds in southeast Alaska
(Kissling and Garton 2008). Very large reserves supported most native forest
bird species found in the area, while reserves within landscapes of high (>40%)
urban cover supported most of the synanthropic species found here. In
summary, forest species occurrence decreased with decreasing habitat patch size,
and synanthropic species occurrence increased with the amount of urbanization
in the surrounding landscape. Non-native groundcover explained much of this
variation as native forest species decreased and synanthropic species increased
with the amount of exotic ground vegetation. The complex juxtaposition of
habitats in more urban landscapes seems to allow for the occurrence of
synanthropic species in urban reserves.

Less mobile species with small home range sizes are more sensitive to habitat
patch size than relatively mobile species, such as birds. Higher small mammal
abundance and/or richness has been demonstrated in larger patches (Pardini et al.
2005) and in patch interiors (Orrock and Danielson 2005), and amphibians may
show a positive response to buffers that increase habitat patch size (see Corridors
and Buffers section). While species requiring smaller home ranges throughout
their lifecycle may initially respond less negatively to habitat loss than species
that generally need larger areas, this seeming resilience may be short-lived. While
a lesser impact has been demonstrated in amphibians with lower dispersal
abilities than those with greater abilities, the more tolerant species are likely to
face equally negative consequences with time (Cushman 2006). Mammals and
insects exhibit a similar varied response to patch size depending on life history
strategies. Edge and interior species exhibit positive and negative responses,
respectively, to decreasing patch size (Bender et al. 1998).

Large forest patches in the greater landscape may be important to adjacent
developed areas in that they act as “sources,” protecting the long-term survival
of species that may use urban areas but cannot exist without larger habitat
patches in the greater vicinity. Similarly, in North Carolina development-
sensitive bird species richness and abundance decreased with increasing cover of
managed (mowed or cleared) area within and adjacent to forested greenways,
with most sensitive species persisting only in the widest remaining forested
tracts (Mason et al. 2007). In contrast, fragmented habitat matrices are a major
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influence on urban habitat patches as a source of invasive plants and predators
(McKinney 2002). They may eventually become “sinks,” or areas unable to
support viable populations of particular species or other taxa.

Despite higher species richness in the large reserves, the relative abundance of
birds was greater in habitat patches in urban and suburban landscapes than in
more rural landscapes (Kissling and Garton 2008). The authors suggest that
density increased because individual forest birds pack into reserves when forest
habitat is scarce, increasing densities. Individuals are more able to disperse
when reserves are bigger, evidenced by the tendency of lower densities in larger
reserves. In smaller habitat patches, increased densities could result in density-
dependent interactions such as greater competition for resources.

Small reserves may support one or more life history phases (e.g., foraging or
rearing), but they may not be sufficient for species to complete their life cycles.
For example, Kissling and Garton (2008) found that small forest patches in urban
landscapes had no value as breeding areas for some forest bird species. The
highest shrub nest densities, apart from those in large, exurban reserves, were
observed in medium-sized (mean of 34.7 ha) suburban reserves. These
considerable habitat patches potentially act as a means of retaining forest species
in developing landscapes. Corridors may facilitate wildlife travel between small
forest patches, but vegetated corridors are not always effective, particularly for
migratory birds (Hannon and Schmiegelow 2002) (See Corridors and Buffers
section).

In some cases, such as prairie habitats, because extinctions and biodiversity often
lag behind habitat loss and fragmentation, even if all existing habitat area is
conserved, it is not sufficient to sustain the remaining prairie biodiversity
(Floberg et al. 2004). This finding indicates that habitat restoration may be
needed in some cases, such as prairies, in order to conserve existing biodiversity.
The authors also note that where conservation of habitat area is supplemented by
directed conservation of vulnerable species, species biodiversity will also be
enhanced as those vulnerable species act as umbrella species for species not
specifically targeted for conservation (Floberg et al. 2014).

Gaps, Edge, Roads, and Disturbance

In addition to patch size and isolation effects, particular species and guilds may
show varying sensitivity to patch isolation, habitat quality within the patch,
landscape characteristics surrounding patches, and species interactions with
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other wildlife using the landscape. Even small breaks between habitat patches
can deter wildlife travel and, in some cases, directly impact wildlife abundance.
For example, the relatively small gaps from bridges, perhaps coupled with the
disturbance of vehicles and noise, were associated with decreases in riparian bird
species richness and density (Lens and Dhondt 1994, Machtans et al. 1996).

Fragmentation has been shown to be detrimental to migratory bird species in
many studies, although it should be noted that increased edge is an inevitable
consequence of fragmentation and often confounds, and may skew, results
(Parker et al. 2004). Less mobile species, such as invertebrates and small
mammals, often exhibit a more profound response to development than more
mobile species (Hansen et al. 2005), and they might be expected to be more
greatly impacted by fragmentation. On the other hand, bird population
dynamics may be related to amount of vegetated area available rather than
configuration because birds are highly mabile and able to travel between disjunct
patches (Marzluff 2005). However, some mobile species (e.g., songbirds) exhibit
a preference for traveling between habitat patches through wooded areas
compared to open gaps, even when the wooded route was up to three times
longer than the gap (Desrochers and Hannon 1997).

For highly mobile species, the size of gaps between forest patches determines the
effects on the species. Forest songbirds in an urban landscape in Alberta were
significantly more likely to move between vegetation patches when gaps were
<30 meters (<98 ft), and the difference was more dramatic when gaps reached 45
m (147 ft) (Tremblay and St. Clair 2009). Traffic also reduced movement.
Probably due to relative width, railroads had a lesser effect, and rivers had a
higher impact than anthropogenic linear features. On the other hand, small
mammals moved between fragments in lower numbers as fragmentation
increased, but tended to move greater distances (Diffendorfer et al. 1995).

The location of roads among habitat patches can impact wildlife using the
patches. Fahrig et al. (1999) documented a proportional increase in frog and toad
mortality with traffic intensity on roads, and suggested that mortality
contributed to decreased abundance in areas of high-intensity road use.

Lehtinen et al. (1999) also found that road density was associated with a decline
in amphibian species richness. While terrestrial habitat exerted the greatest
influence on the occurrence of amphibian species and community richness on a
local scale (50-400 m [164-1,312]) in northern Italy, the presence of roads also had
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a significant effect on a larger spatial scale (300-1500 m [984-4,921 ft]) (Ficetola et
al. 2008), demonstrating that buffer regulatory decisions should take into
consideration the amount and type of development and land uses across the
landscape. Neotropical migrant bird abundance, richness, and diversity have
been associated with areas containing the fewest roads in Portland, Oregon
(Hennings and Edge 2003). A 1997 review of literature recommended retaining
forest with few roads adjacent to wetlands in order to minimize disturbances to
birds resulting from access (Azous and Horner 1997).

Habitat fragmentation can limit genetic interchange with previously connected
population segments, resulting in genetically isolated populations. For example,
major roads have presented a barrier to movement and interbreeding in flightless
beetles, resulting in reproductive isolation and genetic differentiation (Keller 2003,
2004). Similarly, road density and major road occurrence are correlated with
genetic divergence among patches in frogs (Arens 2007, Crosby et al. 2009).
Genetic convergence has been observed in lizards and birds among habitat patches
in a fragmented landscape (Delaney 2010). As fragmentation results in reduced
genetic diversity within patches, it can result in inbreeding and reduced fitness
(Andersen et al. 2004). Because genetic convergence is inversely related to patch
size, larger patches will tend to support more diverse gene pools and
correspondingly more resilient populations (Andersen et al. 2004, Dixo et al. 2009).

Replacing native vegetation with maintained lawns negatively affects bird and
butterfly abundance and species richness (Nelson and Nelson 2001). Increased
non-native vegetative cover, including ornamental species used in landscaping,
was one of several factors that simultaneously led to reductions in the number
and guality of urban songbird nest sites in several studies, and exotic shrub cover
was correlated with an increased risk of nest predation (Marzluff 2001). Exotic
ground and shrub cover was locally associated with a decrease in forest bird
species and an increase in synanthropic species in the Seattle area, although
whether these changes were also the result of other concurrent effects of
urbanization was unclear (Donnelly and Marzluff 2004). Ironically, dispersal of
non-native plant species may be facilitated by birds in the urban landscape,
leading to the propagation of discrete infestations (Reichard et al. 2001).

Wildlife Guilds and Adaptation

Bird and mammal studies show that species have different ways of adapting to
drastic changes with urbanization. Urban avoiders, in roughly decreasing order
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of sensitivity, are rare species with low reproductive rates, large mammals, old-
growth and mature forest species, insectivorous tree foragers, neotropical
migrant birds, and ground-nesting birds (McKinney 2002). These species and
guilds are generally the first to be excluded from urbanizing areas, although
sensitivity to urbanization is not always apparent (Oneal and Rotenberry 2009).

Species and guilds that are often able to adapt to human-induced changes
include edge species, omnivores, ground-foragers, seed-eaters, aerial sweepers,
tree/shrub/cavity nesters, burrowing mammals, and human food eaters. These
“urban adapters” benefit from the interspersion of habitats that residential
development often results in, including edges created where open areas or
maintained properties meet native forest (Adams 1994). They are able to utilize
native resources, as well as foods that are available as a result of human
presence. These include intentionally provided bird foods, seed- and fruit-
producing landscape plants, and garbage. Aerial insectivores probably take
advantage of open areas and artificial lights that attract insects (although Blair
(1996) noted the loss of native insectivorous birds from built areas in California);
seed-eaters benefit from both landscape plants and birdfeeders; and omnivores,
corvids in particular, seem able to exploit garbage sources (McKinney 2002).
Species, including some swallows and wrens, that are able to nest in man-made
structures find an abundance of nest sites in urban habitat, and these species
increase with some types of fragmentation and disturbance (Rottenborn 1999).
The availability of human-introduced resources is one of the reasons that
abundances of urban-adapters tend to be higher than found in natural situations
(Adams 1994, Marzluff 2001). Because urban adapters are not typically of
significant conservation concern, the tendency of more highly tolerant species to
displace or out-compete native species is of concern when management goals
include preserving biodiversity or vulnerable species in developing areas.

Finally, the proliferation of synanthropic species occurs as development infringes
on the landscape, leading toward a more homogeneous fauna. Although during
intermediate stages of development, when cleared areas intersperse with forest
patches to produce edge, species richness peaks for some groups, including
songbirds (Blair 1999, Marzluff 2005), the effect disappears as development
becomes denser.

As a developing area that generally comprises urban and mixed environs,
westside lowland conifer-hardwood forest, and agriculture/pasture/mixed
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environs habitat types, with numerous wetlands and streams (Johnson and
O’Neil 2001), Island County presently supports a wide range of wildlife species
and taxa. The potential for land use actions to enhance or diminish suitability for
sensitive species, synanthropic species, species of local interest, and pest species
can be addressed through an understanding of how various guilds adapt and
respond to changes. This will aid in efforts to protect species during the
planning process.

Corridors and Buffers

One solution to the negative impacts of fragmentation is to manage connectivity
(Schaefer 2003). Connectivity refers more to the ability of a species to traverse or
reproduce across an area than any innate condition of the habitat itself. It can
refer to the intactness of a patch or expanse of habitat (in contrast to fragmented
habitat) or to a travel corridor between larger habitat patches. It is becoming
increasingly apparent that landscape configurations are an important factor in
species occurrence and distribution (Rodewald 2003). Different wildlife species
perceive and use any particular habitat patch or configuration of patches
differently. The more that individual patches and groups of patches facilitate
movement or provide needed life cycle support for the particular species, the
more connected the landscape is for that species. Small terrestrial organisms
require separate consideration from more mobile large mammals and birds.

Vegetated corridors tend to be correlated with watercourses in urbanizing
settings, in part because of regulatory protections on streams and rivers. The
associated riparian systems make up a relatively small percentage of land cover
in the western United States, yet they provide habitat for rich wildlife
communities (Knopf et al. 1988, Johnson and O’Neil 2001, which in turn provide
a source for habitat patches or reserves. Consequently, streams in urban areas
can support rich wildlife communities (Johnson and O’Neil 2001), with
implications for the use of buffers to preserve biodiversity. In Island County,
there is presently one PHS-designated Biodiversity Area and Corridor, consisting
of steep forested slopes and bluffs topped by forest along Holmes Harbor

(Map 4).Many studies address the importance of vegetated corridors to wildlife,
particularly in developed areas (Knopf et al. 1988, Gillies and St. Clair 2008,
Gilbert-Norton et al. 2010)). They are particularly valuable in fragmented
habitats because they can facilitate travel among habitat patches for wildlife.
Riparian corridors may also play a role in maintaining microhabitat and suitable
microclimates for species associated with streams (Klubar et al. 2008). A 1998
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synthesis (Beier and Noss 1998) concluded that while the results of previous
empirical studies had been affected by confounding factors, results of the best-
designed studies suggested that corridors contribute to wildlife conservation.
Subsequent studies demonstrate the value of habitat corridors, as well as the
potential risks of creating habitat sinks (Hilty et al. 2006). The number of wildlife
species has been demonstrated to be directly proportional to corridor width
(Dickson 1989, as cited in Keller et al. 1993), although other studies show
conflicting results (Pearson and Manuwal 2001) and species-specific variation
(Ficetola et al. 2008). In environments similar to those in Island County,
published results pertain to a wide range of taxa, including birds, small and large
mammals, herptiles, and insects. The widespread occurrence of streams and
other features that may contribute to habitat corridors in the County create the
opportunity to apply corridor study results to management strategies and
decisions. The width and composition of habitat corridors may affect their
function. For example, in northeastern Missouri, breeding bird species richness
was greater in wider forested riparian areas in than narrower strips, and richness
was greater in narrow riparian strips with grassland-shrub buffers than in
narrow strips without vegetated buffers (Peak and Thompson 2006). Conversely,
synanthropic bird species richness and abundance have been correlated with the
narrowest of preserved forest corridors studied (Hennings and Edge 2003,
Mason et al. 2006).

Recent synthesis papers have summarized the results of primary studies on
corridor and buffer width needs for wildlife in urban and urbanizing areas.
Terrestrial buffers on streams and wetlands are particularly important for
reptiles and amphibians, as they depend on these areas for certain lifecycle stages
(Azous 1997). A 2003 synthesis found that terrestrial core habitat (buffers
associated with wetlands) of 159-290 m (522-951 ft) and 127-289 m (417-948 ft) in
width were required by amphibians and reptiles, respectively (Semlitsch and
Bodie 2003) while a primary study that four species of stream breeding
salamander in Appalachia required buffer widths of 77 m (253 ft) to provide
habitat and buffer edge effects (Crawford and Semlitsch 2006). Buffers of 92.6 m
(304 ft) were recommended to accommodate the farther-ranging individuals.
Amphibians in northern Italy required riparian buffers of 100-400 m (328-1,312 ft)
in width (Ficetola et al. 2008).

Most studies report a range of 125 to 400-meter-wide (410-1,312 ft) corridors
necessary to provide essential habitat for avian species (Shirley and Smith 2005,
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Peak and Thompson 2006, Kissling and Garton 2008). Other work suggests that
vegetative structure in corridors (sometimes in conjunction with buffer width)
explains use by birds (Pearon and Manuwal 2001, Shirley 2006). Based on
songbird studies, while wide corridors are optimal, management efforts should
focus on restoring or creating vegetated riparian areas along streams that
currently lack vegetation, as even narrow buffers have been shown to provide
habitat for many species (Pearson and Manual 2001, Keller et al. 1993).

The likelihood of small mammals to respond to the presence of vegetated
corridors varies among species. A preference for connected habitat patches
implies a use of corridors in some species (Pardini et al. 2005), and some species
respond in a strong positive way to corridors (Lanoue 1988 in Gilbert-Norton
2009), while others exhibit avoidance (Orrock and Danielson 2005). In a
fragmented landscape, corridors did not influence home range size in some small
mammals, whereas the species’ habitat needs and sex influenced its likelihood to
move among patches (Mabry and Barrett 2002). As well, the position of
corridors relative to patches and the overall increase in habitat area that they
create may result in a positive response in captures of some small mammal
species (Orrock and Danielson 2005).

A 2010 review of the literature found that corridors most effectively facilitated
movement or dispersal through fragmented landscapes by invertebrates, plants,
and non-avian wildlife (Gilbert-Norton et al. 2010). This work showed that use
of corridors was not influenced by independent variables such as total vegetated
area. Most research indicates that landscape- and watershed-scale elements,
including patch size and landscape positioning, should be considered in
determining effective buffer widths, as parameters measured at these greater
spatial scales can impact wildlife occurrence and population dynamics (Ficetola
et al. 2008, Rubbo and Kiesecker. 2004, Willson and Dorcas 2002).Finally, despite
the potential benefits of habitat corridors, it should be noted that as a result of
their high edge-to-area ratio, corridors may facilitate the establishment of
invasive species and access by predators, and they generally provide smaller
buffers from disturbance than non-linear habitat patches.

Adamus analyzed alterations to wetlands and their buffers (Adamus, 2006).
From 1985 to 1998, based on aerial imagery interpretation, 11% of wetlands
analyzed were found to have been altered by development or clearing. The
proportion of 100-foot buffers found to have been altered during this timeframe
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was 24%. These rates of alteration decreased between 1998 to 2005 to 8% for both
wetlands and their 100-foot buffers. Adamus also included data from timber
harvest permits which showed that since 1996 7% of wetlands and 12% of their
100-foot buffers had been subject to timber harvest (Adamus, 2006). It should be
noted that many types of alterations are not detectable using aerial imagery.

Conservation corridors have been developed for consideration as a part of Island
County’s Comprehensive Plan, Element 7 Parks and Recreation. As a part of this
process, key conservation criteria and priorities were identified within Island
County. Adjacency to existing protected lands for conservation value, the
presence of critical areas, the presence of rare and endangered species and
habitats, as well as existing conservation priorities were all considered in the
development of the conservation corridors map that is includes as a part of
Element 7 of the Parks and Recreation of the Island County Comprehensive Plan.
In addition, habitat conservation criteria were determined throughout Island
County (Island County Comprehensive Plan, 2011).

Invasive and Non-native Species

As noted above, infestation by invasive and non-native species is often a
consequence of urbanization and other development (McKinney 2002,
Southerland 1993, Zedler and Kercher 2004). Detrimental consequences of
infestations to native species and habitats may include extirpation of species
(Ricciardi et al. 1998), impacts to wildlife species and communities (Olden et al.
2004, Pimentel et al. 2005), and food-web simplification (Olden et al. 2004). These
effects can take place at levels ranging from populations to ecosystems.

Under altered disturbance regimes of anthropogenic origin, invasive plants are
able to increase their performance over native plant species (Daehler 2003).
Noxious plant species can compete successfully for natives for pollinators
(Brown and Mitchell 2001, Brown et al. 2002) and cause changes in fire regime
(Brooks et al. 2004). In prairie ecosystems, invasive plants can modify soils to
facilitate conditions favorable to themselves and other invasives (Jordan and
Larsen 2008). This is of particular concern in Island County, where only small
areas of prairie remain. As well, wetlands appear to be particularly vulnerable to
infestation by invasive species, possibly due to factors including inflows of plant
material in surface flows from urban and agricultural areas, dispersal along
rivers, and hydrological disturbance that affect nutrient availability (Zedler and
Kercher 2004).
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A list of noxious weeds occurring in Island County is available on-line at

http://county.wsu.edu/island/nrs/noxious/Pages/icweeds.aspx. The five most

common noxious weeds in Island County are tansy ragwort, poison hemlock,

purple loosestrife, spartina (anglica), and Canada thistle
(http://county.wsu.edu/island/nrs/noxious/Pages/icweeds.aspx).

Adamus documented that of the 102 wetlands analyzed, 55% had between 1-24%

cover of non-native plant species (Adamus, 2006).

DATA GAPS

98

Many of the referenced studies are based on evaluation of perennial
stream channels. The ecological relationships and processes in
intermittent streams may differ because of differences in the seasonality
of sediment transport processes and habitat use.

Species occurrences and habitat locations are not comprehensively
documented or mapped throughout the County, limiting the ability to
track population trends and to identify and protect vulnerable species.

Systematic surveys of salmonid habitats and populations in the County
are largely lacking. Recent research has identified non-natal salmonid
use of the lowermost segments (200 m (656 ft) or to first fish passage
barrier) of streams in Island County. In those streams without fish
passage barriers in the lowest 200 m (656 ft) of streams, the upstream
extent of non-natal salmonid use is unknown.

Systematic surveys of fish and wildlife populations, abundance, and
distribution in Island County are largely lacking.

Systematic stream mapping and water typing has not occurred
throughout the County. This affects water quality standards (e.g.,
primary contact, secondary contact), so it is difficult to assign water
guality standards and determine if standards have been exceeded.
Similarly, it is difficult to identify and differentiate ditched streams
versus wholly artificial, created ditches because there has not been a
systematic comparison of existing and historic watercourses and because
of a lack of clear guidelines for differentiating the two types of channels.
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Ponds and lakes have not been quantified as a percentage of total land
cover, nor has their specific use by wildlife been systematically
documented.

Streamflow data on small streams draining into the Puget Sound is
lacking. The connection between groundwater and surface water in
Island County has only been studied on a case-by-case basis for water
right applications (e.g., Maxwelton) (Island County 2005).

Data is lacking on the percent of impervious cover by watershed as
mapped in Island County. This information could inform policy updates
related to both regulatory and non-regulatory incentives to increase forest
cover, and to promote biodiversity corridors.

Data is lacking on the specific effects of development on habitats and
species in Island County.

Data on the presence, extent, and systematic control of invasive species
within Island County is lacking.

The potential effects of future climate change on fish and wildlife in
Island County are not well understood. Climate change may result in
changes in the abundance and spatial distribution of species (Field et al.
2007). Climate change may also exacerbate the effects of development on
water flow and water quality in a watershed (Kaushal et al. 2010).

Our understanding of human changes to the landscape is based on a
limited number of on-the-ground surveys and spatial data with limited
resolution and accuracy. The potential to conduct extensive habitat
surveys through the County may be limited on properties in private
ownership.

SUMMARY OF MANAGEMENT
IMPLICATIONS

Consideration of landscape, riparian corridor, and site-specific conditions is
recommended to effectively manage fish and wildlife in the County. The
potential effects of development, as described in Section 3 are summarized at
each scale in Table 2. By implementing management at appropriate, and
potentially, multiple-scales of influence on varying species and habitats,
management may be more effective compared to a more unilateral approach
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(Fausch et al. 2002, Roni et al. 2002, WDFW 2009, Stanley et al. 2012). For the
purposes of regulatory updates to the County’s FWHCA ordinance, the
appropriate scale of analysis should consider the landscape condition and
riparian reach, but will need to be grounded within the site specific scale to
translate to effective ordinance language. While regulatory updates capture site
specific protection measures, it is important to ensure that policy updates
undertaken as part of the 2016 Comprehensive Plan process include
consideration of the landscape scale conditions. Integration of landscape-scale
considerations has occurred in recent updates to critical area regulations within
some other jurisdictions (e.g. King County, Thurston County, and City of
Redmond), where stream buffers may be larger/smaller depending upon
connectivity to special aquatic areas such as Puget Sound or other Shorelines of
the State. Additionally, this sort of landscape-scale consideration is integrated
into the Washington State Wetland Rating System, which evaluates landscape
position and landscape functions to determine wetland classification, and
corresponding level of protection (Hruby 2004). Other approaches that have
been used to balance programmatic landscape-scale considerations with local-
scale management include: density or impervious surface limits, clearing limits,
conservation overlays, mitigation banking, and in-lieu fee programs.

Recommendations to Maintain Water Flow Processes
The following recommendations will help to limit the potential effects of
development on water flow processes.

e Cluster development, reduce density allowances, and/or limit clearing to
protect natural vegetative cover. Focus protection on headwater areas
and wetlands (Booth et al. 2002; Morley and Karr 2002, Booth et al. 2004)).

e Limit watershed imperviousness and retain forest cover, either through
minimal development, clearing and grading standards, or the use of LID
approaches (Konrad and Burges 2001, Booth et al. 2004). (Figure 2 in
Section 3.1 helps to clarify thresholds of impervious surface cover and
forest cover that maintain stream conditions). Manage stormwater at
local scales to help maintain natural flow frequencies and durations,
(Konrad and Burges 2001).

o Ensure that riparian buffers are adequate to protect the structure and
function of existing resources.
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Protect riparian buffers and wetland zones, and minimize road and utility
crossings (Morley and Karr 2002; Meador and Goldstein 2003; Alberti et
al. 2003). These protections may be associated with critical area buffers,
clearing limits, clustering development, and/or requiring shared roads.

Limit the proximity of development to bluff-tops. In order to limit bluff
saturation, require stormwater and septic systems to be piped away from
bluffs, and require periodic maintenance to avoid leaks (Shipman 2001).

Engage community through education and stewardship programs that
recognize the unigue role of adjacent private property owners in
rehabilitating, maintaining, or degrading stream health (Booth et al.
2004).

Recommendations to Maintain Water Quality

In addition to the above recommendations, which will limit the concentration of
surface flows, thereby improving water quality filtration, the following
recommendations will help to limit the potential effects of development on water
quality.

Limit total area of roads and impervious surfaces, and maximize the
distance of roads and septic systems from aquatic resource areas to limit
the transport of pollutants, metals and pathogens to aquatic systems (Feist
et al. 2011, Verstraeten et al. 2006). Limit channelization and routing of
stormwater directly to receiving waters (Sorrano et al. 1996).

Additional riparian standards in watersheds with significant agricultural or
urban development may be warranted to effectively limit sediment and
nutrient contributions from those land uses (Allan et al. 1997, Poor and
McDonnel 2007).

Avoid development encroaching on headwater streams and their riparian
areas in order to maintain key nutrient filtration capacity (Alexander et al.
2007).

Consider the effect of soils and slopes in developing effective buffer widths
for sediment and nutrient filtration. Clay soils and steeper slopes require
additional width for effective filtration of sediment (Figure 3, Dosskey et al.
2008). Infiltration, which is dependent on soil type and slopes, is the
predominant determinant of the effectiveness of buffers in nutrient
retention (Mayer et al. 2007). Determination of appropriate regulatory
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buffers for sediment and nutrients could be made at a broad-scale (e.g., soil
class) or based on actual site conditions.

o Wider buffers (30-120 m or 98-394 ft) are needed to filter fine sediment than
may be indicated by total sediment retention percentages (Wenger 1999).

¢ Relatively narrow buffers (6-18 m or 20-59 ft) can effectively limit the
transport of herbicides and pesticides through drift and runoff (Zhang et al.
2010).

e Best management practices for erosion control, herbicides and pesticide
application, wastewater treatment, and nutrient management can help limit
pollutant loading in riparian zones, making water quality functions of
riparian zones more effective (Mayer et al. 2005, Reichenberger et al. 2007).

¢ Continue to monitor water quality conditions to identify and address
primary sources of point-source and non-point-source pollutants.

9.3 Recommendations to Maintain Freshwater Habitats
e Conserve vegetated areas around headwater streams to maintain

downstream temperatures (Elliot 2003, Cristea and Janisch 200),
allochthonous input, invertebrates, (Wipfli 2005; Wipfli and Gregovich
2002, Wipfli et al. 2007) and detritus (Gomi et al. 2002) contributions, and
important amphibian habitat (Sheridan and Olson 2003, Stoddard and
Hayes 2005, Olson et al. 2007, Welsch & Hodgson 2008). Although
riparian zones are more effective at improving water quality in
headwater streams, broader riparian zones may be warranted to maintain
habitat connectivity for amphibians.

¢ Recognize the significance of multiple scales of development on stream
conditions. Physical stream attributes are most closely correlated with
catchment-scale land cover, land cover within 500 m (1,640 ft) of the site,
and the proximity to the nearest road crossing (McBride and Booth 2005).
Riparian buffers are less closely correlated with stream structure than the
above-listed landscape scale considerations. Nevertheless, buffers can
effectively mediate physical stream attributes in rural watersheds, but the
changes to hydrologic processes in urbanized watersheds may outweigh
the effect of buffers in more highly developed areas (Segura and Booth
2010).
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In order to protect most wood recruitment functions, protect forest cover
within one site-potential-tree-height (SPTH) or 30 m (98 ft) of a stream
(Murphy and Koski 1989, McDade et al. 1990, Van Sickle and Gregory
1990, Robison and Beschta 1990). Additional widths should be
considered to retain the full suite of wood recruitment based on
windthrow effects (Reid and Hilton 1998). At a minimum, protecting
large woody debris recruitment within the 15 m (49 ft) proximate to a
stream will maintain the majority trees likely to enter the stream channel
(Grizzel et al. 2000); however, because the upslope trees are removed, the
likelihood of recruitment of those trees would be reduced.

Ten-meter-wide riparian buffers are not sufficient to maintain
invertebrate community composition (Kiffney et al. 2003, Hoover et al.
2007) or stream temperatures (Gomi et al. 2006). Thirty-meter-wide
riparian buffers are generally sufficient to maintain sensitive invertebrate
communities (Kiffney and Richardson 2003, 2004), and riparian width is
not a significant factor in stream temperature beyond 30 m (98 ft) (Sridhar
et al. 2004).

Leaf cover and tree height are key correlates for maintaining water
temperatures (Sridhar et al. 2004).

Extensive buffers widths are needed to maintain pre-existing
microclimate conditions (Chen et al. 1995, Dong et al. 1998, Heithecker
and Halperin 2007); however, riparian areas ranging from 10-45 m (33-
147 ft) will minimize microclimate edge effects (Brosofske et al. 1997,
Heithecker and Halperin 2007).

Protect forest stands, native shrubs, and large trees near open water for
nesting habitat for sensitive birds and to maintain allochthonous
contributions and food web linkages (Francis and Schindler 2006, Francis
et al. 2007, Francis and Schindler 2009).

Because ditched channels have the potential to support native fish
communities, including salmonids (Colvin et al. 2009), establish best
management practices or ensure that existing best management practices
are followed in ditch-maintenance activities to maintain or enhance fish
habitat and water quality within the channels.

Monitor species and habitats to better track populations and landscape
trends.
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Recommendations to Maintain Marine and Estuarine
Habitats
e Protect marine and estuarine habitats from the indirect effects of upland

development by managing sediment, nutrients, metals, and pathogens in
freshwater systems (Sections 3 and 4). Additionally, conserving
allochthonous production and large woody debris recruitment in
freshwater systems will maintain food web connections (Howe 2012) and
sources of estuarine habitat diversity (MacLennan 2005, Hood 2007)
(Section 5).

e Protect nearshore sediment transport processes by limiting development
at the top of unstable bluffs and/or focusing developed areas on the
landward portion of existing bluff-top lots. In particular, those bluffs
identified as exceptional feeder bluffs (Johannessen and Chase 2005)
warrant additional protection.

¢ Where development is permitted above feeder bluffs, management
should focus on measures to maintain the natural hydrology by collecting
runoff in drains and routing stormwater over the face of the bluff via
pipes, locating septic systems away from the bluff, and ensuring that
drainage systems remain in good repair (Shipman 2001, 2004). Soils and
vegetation contributing to slope stability should be maintained (Shipman
2001, 2004).

¢ Monitor species and habitats to better track populations and landscape
trends.

e Ensure data on species occurrence and habitats is the most up-to-date and
current so that key habitats receive the protections under adopted
ordinance.

Recommendations to Maintain Terrestrial Habitats

The existing Island County Code incorporates some protection of habitat
connectivity, primarily through its stream and wetland buffer standards (ICC
17.02.050 (C)(3) and 17.02.050(A)(4). The Code also calls for avoidance of
naturally vegetated corridors by utilities and public transportation projects
(17.02A.050(C)(3)). Explicit protection of corridors is not otherwise included in
the existing Code, although it is addressed at the policy level for the Parks
Element (Island County Comprehensive Plan, 2011).
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General recommendations for terrestrial habitats are listed in Section 9.5.1.

Where species-specific recommendations are available for Washington State
from WDFW guidance documents, these are summarized in Section 9.5.2.

9.5.1 General Terrestrial Habitat Management Recommendations

Generally, plan development to minimize fragmentation of native habitat,
particularly large, intact habitat areas. Where large forest stands exist,
manage for forest-interior species and avoid fragmentation (Donnelly and
Marzluff 2004, Diffendorfer 1995, Mason et al. 2007, Orrock and
Danielson 2005, Pardini et al. 2005 and others). Clustering development,
limiting clearing allowances, and setting platting limits can help limit
fragmentation that can result from vegetation clearing or from roads.

Manage to preserve scarce and rare habitats, such as prairies and old-
growth forest, in the County. Given regional conservation priorities,
prairies and their associated flora and fauna should be considered for
designation as a Habitat of Local Importance (Floberg et al, 2004, WDFW,
2005).

Manage agricultural development to limit fragmentation and edge;
preserve vegetative structural diversity whenever possible in agricultural
areas by retaining areas of native vegetation (Southerland 1993).

Control invasive species where needed on a site- and species-specific
basis. Address invasive species specifically in areas where environmental
conditions tend to promote infestation, including created edges,
roadways, riparian zones contiguous with developed areas, and sources
of materials (e.g., gravel, compost, etc.) (Olden et al. 2004, Pimentel et al.
2005, McKinney 2002 and others).

Maintain or provide habitat connectivity with vegetated corridors
between habitat patches (Schaefer 2003, Clair 2008, Gilbert-Norton et al.
2010 and others). This may include limiting new road corridors, limiting
clearing, clustering development, or providing wildlife passage on larger
roads. Habitat connectivity can be provided through native vegetated
corridors, although hedgerows can also provide shelter and nesting
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habitat for small mammals, insects, pollinators, spiders, birds and
reptiles. More information on hedgerows is available onlines.

¢ Protect, maintain, and promote habitat features such as snags and
downed wood (Blewett and Marzluff 2005).

¢ Manage for increased native vegetative cover in landscaping and
discourage lawns (Nelson and Nelson 2001).

¢ Plan habitat areas away from roads (Fahrig et al. 1999, Lehtinen et al.
1999).

¢ Promote buffers of adequate width to support wildlife guilds in adjacent
habitat (Ficetola et al. 2008, Semlitsch and Bodie 2003, Crawford and
Semlitsch 2006).

¢ Preserve habitat patches of at least moderate size 35 ha (86 ac) within
developed areas (Kissling and Garton 2008).

¢ Monitor species and habitats to better track populations and landscape
trends.

9.5.2 WDFW Species-specific Management Recommendations

American White Pelican
WDFW management recommendations for non-breeding white pelicans focus on

protection of feeding and loafing areas (Doran et al. 1998). Recommendations
are to identify and survey foraging areas to determine prey presence and
abundance, and to maintain and manage these areas for prey base fish species.
Specifically, maintaining shallow water (0.3 to 2.5 m; 1.0 to 8.3 feet) and deeper
waters where depth fluctuations occur is recommended. Maintaining abundant
fish populations is also recommended in a diversity of water bodies, including
rivers, sloughs, and marshes. Finally, limiting disturbance from hunting, fishing,
boating, and other recreational activities at foraging sites is recommended.

Bald Eagle
Bald eagles are likely to be detrimentally impacted by activities that alter nest,

roost, or perch trees; removal of adequate buffers; noise and other human
disturbance; and potentially decreasing salmon runs (Watson and Rodrick 2000).

18 http://www.piercecountycd.org/tip_hedge p.html

http://nativeplantwildlifegarden.com/hedgerows/
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WDFW recommendations focus on retaining buffers, from different activities, as
shown in Table 3. Nest protections need to be in place year-round, as bald eagles
typically reuse nests from year to year, skipping years or moving to alternate
nests on occasion. Exact activities and protections within each zone may vary by
site, but generally should include retention of large trees and restriction of most
construction (Protected Zone), and protection of alternate nest locations, perch
trees, and foraging sites and avoidance of construction use activities that are not
low-impact (Conditioned Zone). Non-nesting protections include retaining and
protecting perch trees and buffering foraging sites from disturbance.

Table 3. Bald eagle recommended buffers from Watson and Rodrick 2000.

Protected Zone 120 m (400 ft)

Nesting 100-240 m (330-800 ft)

Conditioned Zone beyond Protection Zone

Timber Harvest Zone 100 m (400 ft)

Roosting .

Human Disturbance 100 m (400 ft)

Zone

Protect perches within 75 m
Perchin Perch Protection (246 ft) of top-of-bank or
'ng shoreline

and
Foraging

Human Disturbance and

Structures 450 m (1,500 ft)

Common Loon
Common loon protection recommendations are aimed primarily at breeding

habitat (Lewis et al. 1999). General recommendations are to protect known nest
and nursery sites from disturbance, avoid structures near nest sites, and provide
artificial nesting islands where appropriate. Because loons are not known or
expected to nest in Island County, nesting recommendations are generally not
applicable to the County. Specific recommended buffers are in Table 4.

Table 4. Common loon recommended buffers from Lewis et al. 1999.
Activity Buffer width | Buffer from | Timing
Construction Nest site Year-round
All human activities | 150 m (490 ft) | Nest site 15 April-15 July
All human activities Nursery 15 July-1 September
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Great Blue Heron
WDFW recommends protection mechanisms for Heron Management Areas,

which consist of the nesting colony, year-round and seasonal buffers, foraging
habitat, and congregation areas where they exist (Azerrad 2012). Specifically,
clearing vegetation, grading, and construction should never occur in the core
zone, and other potential disturbances, including recreation and vegetation
management, should be minimized or restricted to the period outside of the
breeding season. Foraging habitat should be protected with riparian buffers, as
well as wetland and shoreline habitat protection, particularly in the period
between March and September. Activities such as vegetation removal, logging,
perch tree disturbance, wetland filling, and construction should be minimized.
A specific watercraft use buffer of 180 m (590 feet) from shallow foraging waters
is recommended. Heron colonies closer to human activity may tolerate more
disturbance than colonies in more undisturbed areas; therefore, appropriate
buffers may be smaller in more developed areas. Year-round and seasonal buffer
recommendations are provided in Table 5. Azerrad (2012) also recommends
protecting alternate nesting stands

Table 5. Great blue heron recommended buffers from Azerrad 2012.

Year-round Buffers

Undeveloped 300 m(984 ft)

Suburban/rural | 200 m (656 ft)

Urban 60 m (196 ft)

Seasonal Buffers (February-September)

Loud noises 200 m (656 ft)
Extreme loud

noises like 400 m (1320 ft)
blasting

Peregrine Falcon
General WDFW management recommendations for the species include routing

powerlines away from nests, protecting wetlands used by peregrine falcons,
restricting pesticide use in winter foraging areas and near nests during the
breeding season, maintaining large trees and snags in winter feeding areas, and
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retaining snags and debris on mud flats (Hays and Milner 1999). Buffer
recommended for specific activities are shown in Table 6.

Table 6. Peregrine falcon recommended buffers from Hays and Milner 1999.
Activity Buffer width Buffer from | Timing
Human access to cliffs 800 m (2620 ft) Cliff nest March-late June
Human activities on or below 400-800 m .
cliffs (1310-2620 fi) Cliff nest March-late June
Recreation (trails/picnic area) 400-800 m .
development (1310-2620 ff) | N nest Year-round
All development NA Cliff nest Year-round
?'eoe(:)m (1310 Year-round
Forest practices (review rules) Any nest
800 m (2620 ft) March 1-June 30
Aircraft approaches 500 m (1640 ft) Any nest March 1-June 30

Pileated Woodpecker
WDFW management recommendations for pileated woodpecker specific to

western Washington are aimed at forest stand features and protection strategies
within home ranges rather than creation of buffers for individual nest sites.
Maintaining snags and decaying live trees within home ranges for nesting and
roosting, retaining snags and downed wood for foraging, using average snag-
retention recommendations (rather than minimums), and creating snags in older
secondary forest are general strategies (Lewis and Azerrad 2003 with January
2005 updates). In western Washington, home range size is on average 600 ha
(1480 ac), west of the Cascades and about 850 ha (2100 ac) on the Olympic
peninsula. Maintenance of coniferous forest of about 60 years or more in age at
70% canopy cover is recommended overall. Snag retention recommendations
are given in Table 7.
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Table 7. Snag retention recommendations for pileated woodpecker (from Lewis and
Azerrad 2003 with January 2005 updates).

Habitat component focus | Size class (dbh) Snags to retain (per ac)

276 cm (230 in) 0.2

Nesting and roosting
155-310 cm (61-122in) | 27

25-50 cm (10-20 in) 212
Foraging 50-76 cm (20-30 in) 212
276 cm (=30 in) 212

9.6 Species of Local Importance
The existing County Code allows for any person to nominate a species or habitat
for designation as a Species or Habitat of Local Importance (ICC
17.02.050(C)(1)(h)). Nominated species must satisfy the following criteria:

1. Local populations which are in danger of extirpation based on existing
trends since January 1, 1985.

2. The species is sensitive to habitat manipulation.

3. The species or habitat has commercial, game, or other special value such
as locally rare species.

Habitats nominated to protect a particular species must satisfy the following
criteria:

1. Where a habitat is nominated to protect a species, the use of the habitat
by that species is documented or is highly likely or the habitat is
proposed to be restored with the consent of the affected property owner
so that it will be suitable for use by the species; and

2. Long term persistence of the species is dependent on the protection,
maintenance or restoration of the habitat.

Areas nominated for protection must represent either high quality native habitat
or habitat that has an excellent potential to recover to a high quality condition
and that is either of limited availability or highly vulnerable to alteration.
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Appendix A includes a list of species and habitats identified by WDFW, DNR,
and The Nature Conservancy’s Ecoregional Assessment as priority species and
habitats in the State that occur in Island County. WDFW’s Wildlife Conservation
Strategy (electronic reference) was also consulted to identify species of greatest
conservation concern. In addition to those species identified on the WDFW list,
the PHS-designated Western Washington breeding concentrations of cormorants,
storm-petrels, terns, and alcids are also significant within Island County since
numerous breeding colonies of pigeon guillemots occur there as shown on Map 4
(Milner, R., WDFW, personal communication, December 16, 2013).

Species not included on the WDFW or DNR lists may also be vulnerable, if they
represent local, isolated populations. For example, it was recently discovered
that the Puget Sound population of the seaside juniper is genetically distinct
from other populations, and it constitutes a separate species (Adams 2007). On
Whidbey Island, a natural population of 10-20 trees was found on coastal sand
dunes in Deception Pass Park (near Cranberry Lake). The site is protected in park
ownership; however, beach use or a large storm could threaten this population
(Adams 2007). Several other seaside junipers appear to have been planted at
houses in the interior of Whidbey Island and are growing well in deep soil
(Adams 2007).

Species and habitats listed in Appendix A, and shown on Map 4 likely warrant
further monitoring and conservation attention.

General Buffer Considerations

A variable-width riparian zone is one policy approach that can be used to
manage the effects of landscape or site-specific factors. Through this approach,
the width of the prescribed riparian zone may change depending on factors like
hillslope, soil type, landscape position, or surrounding development. While this
approach may provide greater flexibility than a fixed-width riparian zone
approach for achieving effective riparian function, it may necessitate costly
analysis of individual property characteristics and increased regulatory staff
time. If fixed-width buffers are implemented, however, conservative (larger)
buffer widths are recommended in order to ensure that riparian buffers are
effective under a range of variable conditions.

Primarily focused on best management practices for agriculture and forest
practices, the Field Office Technical Guide for Island County (NRCS, electronic
reference) provides site planning tools, including calculations for estimating soil
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erosion, managing plants for pollinators, and providing habitat for wildlife and
birds. This technical guide could be used in developing site-specific standards
for soil conservation and best management practices associated with soil
disturbance. Property owners may choose to voluntarily implement NRCS
planning in order to take advantage of available cost share funding through
NRCS and WSCC.

Buffer averaging provides one approach to provide limited flexibility that can be
associated with variable- or fixed-width buffers. Buffer averaging allows for
limited reductions in riparian zone width so long as they are offset by wider
riparian zones in adjacent areas. This type of approach can be particularly
effective if implemented such that the wider buffer areas are located in existing
depressions or swales where surface runoff is likely to become channelized.
These approaches to balance land use and ecological needs present potential
benefits, but ecosystem tradeoffs and cumulative effects should be carefully
weighed if these alternative approaches are considered.

Another buffer approach that may be considered is a tiered approach to riparian
protection, similar to the approach used in forestry management (WAC 222).
This tiered approach offers the greatest protection (i.e. no touch) for the area
closest to the stream and allows some selective harvest moving away from the
stream. This may be a management option to allow ensure that the key functions
are maintained adjacent to the stream channel, and to maintain some of the
functions associated with wider distances (e.g., micro-climate and wildlife
habitat).

Where development is proposed on properties with habitats that are presently
degraded, active restoration and maintenance (e.g., revegetation with
appropriate native species, instream enhancements) is recommended to regain
some of those lost functions. Some functions (i.e., sediment, nutrient, and
pesticide retention) will be restored quickly, while others (e.g., stream bank
stability, temperature regulation, LWD recruitment, and forest habitats) will
improve slowly as the riparian zone matures. In the interim period, restoration
actions like the placement of LWD habitat structures, following best
management practices, and decommissioning roads may help limit land use
impacts and improve habitat functions.
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APPENDIX A
OTHER SPECIES AND HABITATS OF
POTENTIAL CONSERVATION CONCERN

Tables Al and A2 identify species and habitats, respectively, that may be of
conservation concern, but which are not explicitly protected under the County’s
existing regulations. These tables were generated through reference to WDFW'’s
Priority Habitats and Species list for Island County (2013), WDFW’s
Comprehensive Wildlife Conservation Strategy (electronic reference), DNR’s
Natural Heritage Information System List of Known Occurrences of Rare Plants
in Island County, Washington (2013), and The Nature Conservancy’s Willamette
Valley-Puget Trough-Georgia Basin Ecoregional Assessment (Floberg et al. 2004).
Many of these species are indirectly protected by the County’s existing FWHCAS
because their habitats are protected (e.g., aguatic species).

Under the County’s existing FWHCA'’s, the following criteria must be met for a
species to qualify as a Species of Local Importance:

1. Local populations which are in danger of extirpation based on existing
trends (since January 1, 1985),

2. The species is sensitive to habitat manipulation, and

3. The species or habitat has commercial, game, or other special value, such
as locally rare species.

Areas may be designated as Habitats of Local Importance if they meet the
following criteria:

1. Documented use or high probability of use of the habitat by a species
whose long term persistence is dependent upon conservation of the
habitat or the habitat is proposed to be restored with the consent of the
affected property owner so that it will be suitable for use by the species;
and

2. Either high quality native habitat or habitat that has an excellent potential
to recover to a high quality condition and which is either of limited
availability or highly vulnerable to alteration.



3. Specific habitat features to be protected (for example, nest sites, breeding
areas, nurseries, etc.).

Whidbey Audubon has provided the following information on species
considered to be of local conservation concern:

Pigeon Guillemot

The pigeon guillemot is only the alcid species to nest in Island County. They
depend on small bottomfish for feeding their young. They nest in burrows in
bluffs, on a structure near the Keystone Jetty, and in rock crevices at Deception
Pass. Whidbey Audubon Society has been studying the pigeon guillemot
colonies around Whidbey Island for ten summers, beginning in 2004. They
monitor 24 breeding colonies with the total number of adult birds averaging
around 1,000, about 45% of which attempted to breed, occupying around 230
burrows, about 70% of which hatch chicks (Sarah Schmidt, personal
communication, January 24, 2014). Observers have also documented prey
selection which is primarily composed of gunnels and sculpin (Kind et al., 2010).

Northern Harrier

Whidbey Island has the largest breeding population of northern harriers in
western Washington (J. Bettesworth, personal communication with Sarah
Schmidt, 2014). Key nesting and hunting areas on Whidbey Island were
identified during twelve years of nesting and productivity studies (Bettesworth
2014). “Historic and recent evidence suggests that the number of breeding
harriers has declined across the species’ range” (Slater and Rock 2005). “Habitats
have no formal protection and human development often eliminates prime
hunting and nesting habitat and crop harvesting may destroy nests, eggs, and
young. (Wabhl et al. 2005)”

Black Oystercatcher

The black oystercatcher winters in significant numbers on the shores of Whidbey
Island. This species is included in the US Fish and Wildlife 2008 list for Region 5,
is a state monitored list, and “The Northern Pacific Coast Regional Shorebird
Management Plan has identified the Black Oystercatcher as a regional species of
high concern” (birdweb.org).

Olive-sided Flycatcher

The olive-sided flycatcher is a tropical migrant that shows up on numerous lists
of bird species of conservation concern, including the US Fish and Wildlife



Service (2008, Region 5), Audubon/American Bird Conservancy yellow list,
Audubon Washington species of immediate concern, and Partners in Flight
conservation list. Its habitat is “open mature stands of conifers or forest stands
with high perches in tall trees and snags along the edges of clearings. Closely
aligned to the distribution of forested areas.” Population trends generally appear
to be declining (Wahl et al. 2005). This decline is especially evident in the areas
of greatest abundance, including the Cascade Mountains (www.birdweb.org).
“Forest harvest practices that retain snags and live trees (potential nest trees)
help provide suitable habitat.” (Birds of North America online).
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